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Strive not to be a success, but rather to be of value.  
– Albert Einstein                   
  
Dedicated to my three children (Jordan, Maya and Ella), 
with a life-learned lesson that you can achieve anything if 
you put your mind to it. It was the love and support from my 
wife (Jennie), however, that encouraged me to keep moving 
toward my goals and to never give up. I love you all. 
2 | P a g e   
        
Strive not to be a success, but rather to be of value.  
– Albert Einstein                   
  
Dedicated to my three children (Jordan, Maya and Ella), 
with a life-learned lesson that you can achieve anything if 
you put your mind to it. It was the love and support from my 
wife (Jennie), however, that encouraged me to keep moving 
toward my goals and to never give up. I love you all. 
3 | P a g e   
Abstract 
Background: Internet use and accessibility has grown exponentially across the globe. The highest rates are noted in adolescents and youth. The swift development of technological improvements combined with interactive and enticing online activities has demonstrated to be unprecedented. As a result, the endless possibilities of the Internet become exceptionally appealing, whereby the risk of excessive use becomes elevated. Excessive use of the Internet is a strong precursor for subsequent pathological Internet use (PIU). Considered to be a subtype of a behavioural addiction, the construct of PIU is closely related to the biopsychosocial model of addiction. This suggests that there are genetic, biological, psychological and social components involved in the complex pathways of PIU development. Thus, initiatives that adopt such a multifaceted approach are critically needed in order to attain a better understanding of PIU and related factors. 
Objectives: The primary aim of this thesis is to improve our knowledge of adolescent PIU by utilising a multifactorial approach. The objective of Study I is to estimate the prevalence of PIU and assess its potential link with demographic and social factors. The objectives in Studies II and 
III are to ascertain the correlations between PIU, psychopathology and suicidality, while Study IV investigates the association between PIU and health risk-behaviours. The objective of Study V is to evaluate the preventive effect of mental health action in schools on PIU and related psychosocial impairments. 
Methods and materials: The studies in this thesis were conducted within the framework of the FP7 European Union project: Saving and Empowering Young Lives in Europe (SEYLE). SEYLE is a randomised controlled trial (RCT) assessing the efficacy of mental health interventions based on different strategies and approaches. Adolescents were recruited from randomly-selected schools across study sites in eleven countries, including Austria, Estonia, France, Germany, Hungary, Ireland, Israel, Italy, Romania, Slovenia and Spain, with Sweden serving as the coordinating centre. PIU was measured using Young’s Diagnostic Questionnaire (YDQ). Social factors, health risk-behaviours, psychopathology and suicidality were measured using validated psychometric instruments. Apposite statistical models were applied in each study in order to assess the respective outcomes of interests. 
Results: Findings for each study are described accordingly:  
Study I comprised a sample of 11,956 adolescents (female/male: 6731/5225; mean   age: 14.9 ±0.89). The overall prevalence of PIU was 4.4%. Prevalence rates of PIU were significantly higher in males than females (5.2% versus 3.8%). Adolescents in Israel had the highest prevalence of PIU, whereas Italy had the lowest. A significant correlation between mean hours online per day and male gender were observed. In terms of online activities, Internet gaming was significantly associated with males, while social networking was significantly correlated with females. Students not living with a biological parent, low parental involvement and parental unemployment showed the strongest association with PIU. 
Study II was a systematic review and meta-analysis. An electronic literature search was conducted using the following databases: MEDLINE, PsycARTICLES, PsychINFO, Global Health, and Web of Science. PIU and known synonyms were included in the search as well as psychopathology (i.e. depression, anxiety, symptoms of attention deficit and hyperactivity disorder (ADHD), obsessive-compulsive symptoms, social phobia and hostility/aggression). Effect sizes for the correlations observed were identified from either the respective publication or calculated using Cohen’s d or R2. The potential effect of publication bias was assessed using a funnel plot model and evaluated by Egger’s test based on a linear regression. Twenty articles met the pre-set inclusion and exclusion criteria: 75% reported significant correlations of PIU with depression, 57% with anxiety, 100% with symptoms of ADHD, 60% with obsessive-compulsive symptoms, and 66% with hostility/aggression. The majority of studies reported a higher rate of PIU among males than females. Depression and symptoms of ADHD appeared to have the most significant and consistent correlation with PIU. 
Study III comprised a sample of 11,356 school-based adolescents (M/F: 4,856/6,500; mean age: 14.9). Results showed that suicidal behaviours (suicidal ideation and suicide attempts), depression, anxiety, conduct problems and hyperactivity/inattention were significant and 3 | P a g e   
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independent predictors of PIU. The correlation between PIU, conduct problems and hyperactivity/inattention was stronger among females, while the link between PIU and symptoms of depression, anxiety and peer relationship problems was stronger among males. The association between PIU, psychopathology and self-destructive behaviours was stronger in countries with a higher prevalence of PIU and suicide rates. These findings ascertain that psychopathology and suicidal behaviours are strongly related to PIU. This association is significantly influenced by gender and country suggesting socio-cultural influences. 
Study IV involved a sample of 11,931 adolescents who were included in the analyses:  43.4% male and 56.6% female (M/F: 5179/6752), with a mean age of 14.89±0.87 years.  Adolescents reporting poor sleeping habits and risk-taking actions showed the strongest associations with PIU, followed by tobacco use, poor nutrition and physical inactivity. Among adolescents in the PIU group, 89.9% were characterized as having multiple risk-behaviours. The significant association observed between PIU and risk-behaviours, combined with a high rate of co-occurrence, underline the importance of considering PIU when screening, treating or preventing high-risk behaviours among adolescents. 
Study V included a sample of n=2,831 school-based adolescents. The sample comprised 47.1% male and 52.9% female adolescents (M/F: 1333/1498), with a mean age of 14.83±0.90 years. In order to avoid contamination from the SEYLE interventions, only those who were in the control group were included in this study. Mental health action in schools (MHAS) was defined as adolescents reporting to have received mental health education at their school and was approached by a teacher to discuss psychosocial issues prior to baseline assessment. Outcomes showed that adolescents exposed to MHAS had a 50 percent lower risk for the onset of PIU compared to the unexposed group. When analysing psychosocial impairments, results showed that adolescents in the MHAS group also exhibited a significantly lower incidence of ≥30 percent for emotional distress, depression and coping problems. 
Conclusion: Significant correlations between PIU and health risk-behaviours, psychopathology and suicidality were observed among European adolescents. Given the momentous proclivity of evidence-based research, it is clear that PIU is a condition that merits international recognition as a potential disorder. Implementing evidence-based mental health action in schools appear to be effective in the overall risk-reduction of PIU. Of course, the level of efficacy, in terms of prevention efforts, is dependent on the structure of the respective intervention. It is, therefore, critical that an international accord is reached in order to develop a standardized approach to ascertain the nomenclature, taxonomy and diagnostic criteria of PIU. The future direction of PIU research must focus on this fundamental issue in order to legitimize and advance our knowledge and understanding of this condition. 
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1 INTRODUCTION Internet use and accessibility has grown exponentially across the globe in recent years, with highest rates observed among adolescents and young people1. The rapid expansion of technological advances combined with interactive and captivating online activities has proven unprecedented. As a result, the infinite possibilities of the Internet become exceedingly enticing, particularly among adolescent populations.   Adolescence is a transitional period marked with considerable changes in physical, social and psychological attributes. Societal, familial and peer relationships undergo marked changes during this transient period, as adolescents begin to affirm autonomy over their emotions, behaviours and decisions. These attributes often progress in the course of psychosocial exchanges within different learning contexts. Given the extensive platform for fostering interpersonal and social cognitive skills, the Internet has proven to be a unique and atypical conduit for influencing psychosocial development in adolescents.   Despite these inherent advantages, the extensive advancement in psychosocially engaging and highly interactive online activities may entice young Internet users to spend more time online than originally anticipated. There is concrete evidence indicating that excessive Internet use increases the susceptibility for individuals to develop addictive and pathological traits, especially during the adolescent years.   Pathological Internet use (PIU) has conceptually been regarded as taxonomy of behavioural addiction akin to the nature of pathological gambling. There is surmountable evidence supporting the theory that symptomatic PIU behaviours reflect those observed in other addictive disorders. Research shows that PIU shares psychosocial, biological, neurological and genetic characteristics with both gambling and substance use disorders2-4. Compared to other addictive disorders, symptoms of PIU share six core components often denoted in addictions: (i) 
Salience includes preoccupation with online activities that are namely cognitive, emotional and behavioural related; (ii) Mood modification occurs when individuals use the Internet to alleviate depressed moods or escape from real-life problems; (iii) Tolerance is denoted by the necessity to spend more time online in order to attain the desired effect; (iv) Withdrawal symptoms are unpleasant feelings, both physiological and psychological, that arise when the individual attempts to decrease or discontinue their Internet usage; (v) Conflicts are denoted by interpersonal and intrapsychic conflicts; and (vi) Relapse denotes the unsuccessful attempts to reduce or discontinue Internet use.   Research shows that the adolescent population has the highest risk for developing the respective pathological behaviours compared to all other age-groups; thus, efforts focusing on adolescent PIU should be a priority. This is particularly important as studies have shown that high-risk behaviours developed during adolescence have a compelling likelihood to continue into adulthood, leading the individual to debilitating states throughout the life cycle if left untreated. Empirical data on PIU among adolescents in Europe are scarce. There are significant discrepancies between studies in regards to population, sample sizes, target groups, methodologies and psychometric measures used to assess PIU. This inherently influences the reliability and comparability of the data.       
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In this thesis, epidemiological data were collected within the framework of the European Union project: Saving and Empowering Young Lives in Europe (SEYLE). SEYLE is a randomised controlled trial (RCT) evaluating the efficacy of mental health interventions among European adolescents. The SEYLE project comprised a sample of 12,395 school-based adolescents who were recruited from randomly selected schools in eleven European countries: Austria, Estonia, France, Germany, Hungary, Ireland, Israel, Italy, Romania, Slovenia and Spain, with Sweden serving as the coordinating centre. The geographical span across the eleven participating countries is one of the largest and most diverse populations ever conducted within this field of research. The five studies included in this thesis were designed using a multifactorial approach. To improve our understanding of adolescent PIU, a comprehensive evaluation of its liaison with social factors, health risk-behaviours, psychopathology and suicidality was employed. In terms of prevention, the final study aims to identify and assess the preventive effect of mental health action in schools on reducing the risk of PIU and related psychosocial impairments. Through the knowledge gained from this thesis, there is an opportunity to utilise these findings to design and implement appropriate interventions, with the primary goal of improving mental health among adolescents.     
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1965
• MIT scientist developed a method for sending information from one computer to another called “packet switching.” 
1969
• APRANET became an online network  and connected to four major universities using packet switching.
1973
• Transmission Control Protocol (TCP) and Internet Protocol (IP) were designed.
• APRANET implemented the protocol suite TCP/IP and, thus, the term "Internet" was born.
1974
• The Internet Service Provider (ISP) was originated.
1982
• Internet was used for the first time.
1983
• Domain names were created, such as: edu, gov, com, net, int.
1993
• A group of students and researchers at the University of Illinois developed a sophisticated browser called Mosaic.
1994
• Netscape Navigator Browser was created.
1995
• Full commercialization of the Internet without restrictions was granted.
Figure 1. Timeline of the origin and development of the Internet 
2 BACKGROUND 
2.1 ORIGIN AND NATURE OF THE INTERNET  The Internet was founded in the mid-1960s with endeavours to become a mainstream medium for communications. The year was 1965 when a scientist from the Massachusetts Institute of Technology (MIT) developed a new method referred to as ‘packet switching’. Packet switching is a digital network communications procedure in which data is fragmented into blocks or ‘packets’ allowing for a faster and more efficient transmission of data via network devices. Building on this new technology, in 1969, the Advanced Research Projects Agency Network (APRANET) was created using packet switching and became the first online network system. This new breakthrough was able to connect four computers to a network that hosted four major universities in the beginning of its existence. Following that success, the Transmission Control Protocol (TCP) and Internet Protocol (IP) were designed and APRANET was the first network to implement the protocol suite TCP/IP. It was during this time the actual term “Internet” originated. With the subsequent creation of the Internet Service Provider (ISP) in 1974, nearly a decade later, the Internet was used for the first time. The following year, domains, such as ‘.com’, ‘.edu’, ‘.gov’, and ‘.net’ were established. In 1992, a high-tech Internet browser known as Mosaic was created by the University of Illinois. Mosaic was a unique Internet browser, with a cutting-edge graphical design and user-friendly domain, making it more accessible to the average user. One year later, however, Netscape Navigator was developed and quickly became the most popular Internet browser during that time. As of 1995, the Internet was essentially declared fully commercialized to the general public without restrictions5 (Figure 1).   Since 1995, there has been substantial growth in the functionality, capacity, accessibility and convenience of the Internet and online activities. These improvements have stimulated many individuals to utilize the Internet in their daily lives, both professionally and privately. The distinctive features of the Internet, including interactivity, simplicity and availability, combined with boundless information and enticing online activities, are the main attributes contributing to its attractiveness and appeal among its loyal users worldwide6. In essence, the Internet has become a powerful driving force in modern society for all ages, genders and countries across the globe.  
2.2 ICT STATISTICS ON INTERNET USE AND ACCESSIBILITY  
2.2.1 Internet use and sociodemographics  Out of the estimated 3.2 billion Internet users (43.4%) worldwide in 2015, 45.9 percent were males and 40.8 percent were females5. Internet user rates, however, were significantly skewed between developed and developing countries. At the global level, individuals using the Internet in 2015 were substantially higher in developed countries (82.3%) compared to developing countries (35.3%). Inequitable discrepancies in the prevalence of Internet use for both gender and socioeconomic conditions were also observed. In high-income countries, 84.6 percent of males and 80.1 percent of females were active Internet users compared to 38.2 percent and 12 | P a g e   
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32.3 percent in low- and middle-income countries, respectively. The prevalence of Internet use was essentially two times higher for both males and females in high-income countries in comparison to low- and middle-income countries.   Albeit improvements in gender, socioeconomic and ICT issues during the past several years, there remains a gap between gender and socioeconomic conditions in regards to Internet user penetration rates worldwide. In 2015, statistics showed that the largest gap between males and females was observed in Africa (20.5%) followed by Asia & Pacific (17.6%), Arab States (14.4%), Europe (8.2%), CIS (7.0%) and the Americas (-0.7%). When assessed by socioeconomic conditions, statistics showed that the gender gap in high-income countries was substantially lower (5.4%) compared to low- and middle-income countries (15.4%) and global rates (11.1%)5. The considerable differentiation in Internet usage between gender and socioeconomic conditions could be partly due to the large disparities between penetration levels of accessibility. Statistics show that penetration rates of Internet accessibility in high-income countries is 81.3 percent compared to 34.1 percent in low- and middle-income countries. Similar results have shown that households with a computer is substantially higher in developed countries (80.8%) compared to developing countries (32.9%)5. It is evident that these statistics are alluding to a direr underlying trend that alas still reflects a large gap between gender and socioeconomic status in modern society. Despite this dissonance, when examining penetration rates by gender and geographic region in high-income countries, outcomes appear comparatively equal.   Data show that Internet user penetration rates among males and females were highest in Europe (81.0 and 74.3%) followed by the Americas (65.8 and 66.2%), Commonwealth of Independent States (CIS) (62.2 and 57.8%), Asia and Pacific (40.4 and 33.3%), Arab States (39.8 and 34.1%) and Africa (23.1 and 18.4 %), respectively (Figure 2).  
Similar to gender and socioeconomic profiles between developed and developing countries, Internet usage appears to differ by age-groups. A recent report on information and communications technology (ICT)7 showed that 100 percent of respondents aged <18 years reported to use the Internet compared to those aged 19-24 years (99%), 25-35 years (90%), 36-45 years (91%), 46-55 years (86%), 56-65 years (88%) and >66 years (65%). An incipient inverse relationship between Internet use and age appears to be emerging.   
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Figure 3. Internet user penetration rate trends stratified by geographic regions, 2005-2015
Africa Arab States Asia & PacificCIS The Americas Europe
 
2.2.2  Trends in Internet user penetration rates by geographic regions When examining Internet use by world regions, statistics clearly show that Asia and Pacific regions have the highest absolute number of Internet users across the globe (1,506 millions) compared to the Americas (651 millions), Europe (487 millions), Africa (193 millions), Commonwealth of Independent States (CIS) (170 millions) and Arab States (141 millions)5. When assessing penetration rates (i.e. Internet users are rated as a percentage of their respective population), however, other world regions emerge with higher rates than those depicted in Asia and Pacific countries.  Figure 3 elucidates the trends in Internet user penetration rates from 2005 to 2015 stratified by world region. At the regional level, Europe has the highest penetration rate of Internet users worldwide (77.6%) followed by the Americas (66.0%), Commonwealth of Independent States (CIS) (59.9%), Arab States (37.0%), Asia and Pacific regions (36.9%) and Africa (20.8%), respectively5. Penetration rates are considerably close between the Americas and CIS. In 2016, preliminary statistics indicate that rates in the CIS region (66.0%) have surpassed the Americas (65.0%)5. The CIS region now ranks second after Europe in terms of Internet user penetration rates. In all global regions, there was considerable growth in Internet user rates from 2005 to 2015. The largest rise in penetration rates was found in the African region, with a substantial increase of 762 percent. Commonwealth of Independent States (CIS) had the second largest increase of 481 percent, followed by Arab States (345%), Asia and Pacific (292%), the Americas (83%) and Europe (67%).  
2.2.3  Global trends in penetration rates of Internet use and access In terms of global penetration rates of Internet users, statistics show that rates have steadily climbed over the last decade in the general population. Percentages more than doubled from 15.8 percent in 2005 to 43.4 percent 2015. Similar to Internet user rates, the global rate of Internet accessibility increases in parallel with the global Internet user rate, ranging from 18.4 percent in 2005 to 46.4 percent in 2015. When assessing households with computers, however, global rates (26.2%) were higher than Internet use and accessibility in 2005, yet the rate is relatively analogous (45.4%) in 2015. 
 
2.2.4 European trends in penetration rates of Internet use and access European trends concerning Internet user penetration rates are substantially higher than global rates for Internet users, albeit a progressive rise in rates observed over the last decade in the general population was akin to the global trend. European user rates increased 67.0 percent, ranging from 46.3 percent in 2005 to 77.6 percent in 2015. Penetration rates for households with Internet access and owning a computer followed a similar pattern. Internet access in European homes nearly doubled from 42.0 percent in 2005 to 82.1 percent in 2015, while households with computers increased from 52.4 percent in 2005 to 81.9 percent in 2015.   
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Figure 4.  Trends in Internet user penetration rates between adult and  adolescent populations in EU-28 during 2011-20151,2
Data source: Eurostat. 1Adolescent age-range: 16-19 years. 2Adult age-range: 20-74 years.
 
2.2.5 Trends in Internet user penetration rates between adult and adolescent 
           populations  Trends in Internet user penetration rates portray a stark contrast between adult Internet users compared to adolescent Internet users. In EU-28, user penetration rates depict a relatively stable trend for both adult and adolescent populations during the last five years. In the adult population, the proportion of Internet users ranged from 75.0 percent in 2011, with a slight increase to 83.0 percent in 2015. In the adolescent population, the margin between the proportion of Internet users in 2005 (97.0%) was only 1 percent compared to users in 2015 (98.0%).  Internet user penetration rates were substantially higher in the adolescent population compared to the adult population, with a marginal difference of 22.0 percent in 2011 and 15.0 percent in 2015; thus, indicating the gap between adolescent and adult Internet users appear to be narrowing (Figure 4).   
2.2.6 Hours online per week and frequency rates in the general population Time spent online among the general population has increased substantially over the past several years. Statistics in EU-28 show that the total number of hours online per week has more than doubled from an average of 10.1 hrs in 2005 to an average of 20.4 hrs in 2014 (Figure 5). A similar pattern applies for those individuals who accessed the Internet from outside their home. Results showed an average increase from 3.5 hrs in 2005 to 7.8 hrs in 2014. Albeit those accessing the Internet outside the home doubled over the eight-year period, hours spent online at home was substantially higher. Individuals accessing the Internet from home spent an average of 6.6 hrs online in 2005 compared to 12.6 hrs in 20148. These results are comparable to those reported in the U.S., which showed mean hours online per week more than doubled from 9.4 hrs in 2000 to 20.4 hrs in 2012. In the U.S., however, a distinct group of Internet users exhibited as much as 30 to 80 hrs online per week, with individual sessions lasting up to 15 hrs per day9. This phenomenon is widespread in Asia, particularly in China and Korea10,11. It should be underscored that these were extreme cases and considered an exception rather than the rule. Although these occurrences were considered infrequent events during the time of the study, excessive use of the Internet continues to rise at a surmountable rate worldwide.  In EU-28, the frequency of daily and weekly use of the Internet is relatively high, with negligible variations between distinct age-groups. Age-groups 16-19 and 20-24 years had the highest frequency rate of daily (94.0%) and weekly (99.0%) use compared to all other age-groups. In 
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2011 2012 2013 2014 2015
Adult population (%) 75 77 79 82 83
Adolescent population (%) 97 98 98 99 98
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Figure 4.  Trends in Internet user penetration rates between adult and  adolescent populations in EU-28 during 2011-20151,2
Data source: Eurostat. 1Adolescent age-range: 16-19 years. 2Adult age-range: 20-74 years.
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fact, both daily and weekly Internet use decreased with age. Statistics show that daily and weekly Internet use was 91.0 and 98.0 percent among individuals aged 25-34 years, 86.0 and 97.0 percent among those aged 35-44 years, 81.0 and 95.0 percent among those aged 45-54 years, 75.0 and 93.0 percent among those aged 55-74 years, respectively8 (Figure 5).  
2.3 ONLINE ACTIVITIES BY GENDER AND AGE-GROUP   The Internet is a phenomenon in its own right. It is a medium that is utilized to gain access to online applications, of which provides an extensive array of online activities, spanning across a seemingly endless variety of specific topics and themes. Modern online activities consisting of themes involving socialization, communication and interactivity appear to be the most popular among Internet users. Statistics show that the most prevalent online activities include social networking, chatting or instant messaging, emailing, online gaming, watching videos and reading online newspapers. Individuals using the Internet for telephoning and learning activities, however, are less prevalent8.  
2.3.1 Social networking sites (SNS) The popularity of social networking sites (SNS) has surged substantially in recent years. This is likely due to its multi-structural features, e.g. instant messaging and interactive communication in real-time, ability to connect with friends and family, socialize with peers, build self-descriptive profiles as an expression of identity, ability to extend and maintain networks and social connections, while allowing for public or private exchanges12.  Statistics in EU-28 show that social networking is most prevalent among adolescents age 16-19 years (90.0%), followed by young adults aged 20-24 years (89.0%) and adults aged 25-64 years (61.0%). In all age-groups, social networking is higher among females compared to males8. Findings from a European study revealed that 82.0 percent of adolescents (15-16 years) had an SNS profile, while 56.0 percent used SNS on a daily basis13. These results reflect similar findings from a study conducted in the U.S. assessing adolescents aged 14-17 years14. Outcomes showed that 82.0 percent of adolescents used SNS, while 53.0 percent used SNS daily. Tsitsika and colleagues15 reported that 40.0 percent of adolescent users spend two hours or more on SNS every day. This is supported by a recent study showing adolescents spent an average of 2.6 hours on SNS per day, while intense social networking users spent an average of 3.5 hours daily on SNS16.   
2.3.2  Chatting or instant messaging Instant messaging (IM) and chatting are prevalent and widespread online activities across the globe. IM provides a service for users to send and receive messages, pictures and videos. The exchange between individuals are interactive and in real-time allowing for continuous communication for as long as both parties desire. Communicating via chat rooms is another option for social interaction. It is quite similar to IM, however, users log on to a virtual room, often based on a specific theme, and communicate with several persons, rather than one-on-one exchanges used in IM. Albeit IM was designed for one-on-one communications, multiple IM functions have recently developed due to technological advances. Multiple IM is essentially texting with a group of individuals’ simultaneously, rather than one-one-one exchanges in the original IM application17.  There are a relatively high percentage of individuals across all age-groups utilizing these specific online applications; however, they are most prevalent among adolescents and young adults. According to statistics in EU-28, 54.0 percent of individuals visit chat rooms and/or instant message. Rates are highest among adolescents and young adults aged 16-19 (87.0%) and 20-24 (84.0%) years compared to adults aged 25-64 (49.0%) years.  Percentages are higher among males in the age-groups 20-24 and 25-64 years, whereas females have a higher rate in adolescents aged 16-19 years.   16 | P a g e   
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2.3.3  Sending and receiving emails Email is an online application for sending and receiving electronic messages over a network. It is primarily the most employed activity worldwide used for both personal and professional purposes. The utilization of email is highly prevalent, spanning across all age-groups, genders, professions and educational levels.  In EU-28, data show that emailing is higher among young adults aged 20-24 years (90.0%) and adults aged 25-64 years (87.0%) compared to adolescents aged 16-19 years (86.0%)8. When assessing gender, females have a higher percentage of emailing compared to males in both young adult and adult groups, whereas males have a higher rate in the adolescent group.  
2.3.4  Internet gaming Online gaming is essentially a video game that is either partially or primarily played using the Internet. Online games are ubiquitous and available on a large array of platforms. These platforms support multiple devises (e.g. PCs and mobile phones) that often extend across numerous genres. Internet gaming can take form in many different aspects, ranging from single player games to multiplayer real-time virtual worlds, as multiuser domains (MUDs), which combines elements of role-playing, online chat, interactive fiction and player versus player formats. MUDs are the direct precursors of massively multiplayer online role-playing games (MMORPGs). MMORPGs are a combination of role-playing and massively multiplayer online games with the capability to support a substantially large number of players simultaneously. This platform allows players to interact with one another within the realms of the respective video game.  European statistics show that online gaming is substantially higher among adolescents, with 80.0 percent reporting to play games online, while 40.0 percent play multiuser network games. Percentages of playing online games compared to multiuser networked games in young adults was 72.0 percent and 30.0 percent, while in adults, these figures were 48.0 percent and 13.0 percent, respectively. In a study assessing trends between different online video games, findings showed that 48.8 percent of MMORPG players spent between 4-8 hours per day playing games, compared to 29.6 percent among non-MMORPG players18. Internet gaming is considerably more prevalent in males than females across all age-groups.  
 
2.3.5  Watching videos or listening to music An online video platform is a service that allows users to upload, store and play back videos on the Internet. Similar platforms are available for music, often comprising online music databases with tens of thousands of songs available for users to access.  Individuals watching videos and listening to music online appears to be most prevalent among adolescents (59.0%) and young adults (60.0%) in EU-28, with only 42.0 percent of adults reporting to engage in these respective online activities. In all age-groups, watching videos or listening to music is higher in males than females8.   
 
2.3.6  Reading online newspapers An online newspaper is essentially the online version of a hard-copy periodical newspaper. Online newspapers are very similar to printed newspapers, wherein they are both bound to the same legal regulations such as defamation, privacy and copyright issues. There has been a considerable shift in recent years, where printed newspapers are becoming more obsolete and replaced by online newspapers. This shift creates more possibilities for newspapers to compete in broadcast journalism at a significantly lower cost.  Statistics show that reading online newspapers across Europe is higher among young adults (65.0%) and adults (62.0%) compared to adolescents (54.0%). Similar to watching online videos, these trends appear to be more prevalent among males than females in all age-groups8. 17 | P a g e   
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2.3.7  Telephoning or video calls There are numerous online applications (e.g. Skype and FaceTime) that allow users to make both video and audio telephone calls to individuals across the globe. The service only requires an Internet connection and is often free of charge. New functions as video calling and face-to-face features have been gaining popularity in recent years. These functions allow the user to experience direct interactive communications with family, friends and colleagues.    Data show that telephoning and video calling in Europe are higher in adolescent groups, with 51.0 percent reporting to utilize these online applications. Among young adults, 46.0 percent reported to use the Internet for telephoning and video calling, while only 35.0 percent of adults reported to use this particular online function. Across all age-groups, males have a higher tendency to use these respective applications compared to their female counterparts8.  
2.3.8  Learning activities Online learning activities, or educational technology, is the practice of facilitating education and learning through using, creating and managing technological resources19. Educational technologies, in terms of online learning, can take many different forms. Several examples of educational technologies include: (i) online tutorials that introduce new users to a specific application, (ii) online literature in a particular field or subject, (iii) online databases with global and regional statistics, (iv) interactive whiteboards in classrooms with touch screen functions, and (v) online discussion forums19.  In EU-28, however, the percentage of individuals using the Internet for education and learning purposes is below 50.0 percent in all age-groups. Adolescents have the highest percentage of utilizing online learning applications (43.0%), followed by young adults (40.0%) and adults (19.0%). Online learning activities are higher in adult males, whereas adolescent females have a higher rate than their male peers. In young adults, gender rates were evenly split with 40.0 percent each for both males and females reporting to use the Internet for learning activities.  Overall, the most prevalent online activities rated above 45 percent in the general population across EU-28 included emailing (87.0%), social networking (63.0%), reading online newspapers (61.0%), chatting or instant messaging (54.0%), playing online video games (51.0%) and watching videos or listening to music (45.0%). In order to contextualize these rates, statistics on Internet activities in the U.S. were utilized for comparison. Rates in the U.S. general population were comparatively lower than those reported in the EU, especially in regards to social networking (51.0%), playing online video games (36.0%), watching videos or listening to music (34.0%) and chatting or instant messaging (20.0%). The highest reported online activities in the US involved emailing (87.0%), which is equivalent to European rates, followed by general surfing of the Web (78.0%).  
2.4  ADDICTIVE POTENTIAL OF ONLINE ACTIVITIES There is strong evidence corroborating the addictive potential of certain online activities16,20. Research shows that distinct online activities can be highly addictive21, whereby, users are enticed to spend more time online in order to engage in these respective activities. Albeit some scholars refer to this phenomenon as an addiction to the Internet, it should be elucidated that addiction most likely occurs from the content of online activities and not the Internet itself. The Internet is a form of technology, and technology in itself is neither “good” nor “bad”. Individuals do not actually become addicted to the Internet, as the Internet is merely a vehicle to access online applications22. The problem is attributed to its “use”, rather than the technology itself. Thus, the concept of addiction in reference to the Internet should refer to the pathological nature and addictive behaviours related to its “use” in accessing certain online applications and engaging in specific Internet activities23.   18 | P a g e   
 
2.3.7  Telephoning or video calls There are numerous online applications (e.g. Skype and FaceTime) that allow users to make both video and audio telephone calls to individuals across the globe. The service only requires an Internet connection and is often free of charge. New functions as video calling and face-to-face features have been gaining popularity in recent years. These functions allow the user to experience direct interactive communications with family, friends and colleagues.    Data show that telephoning and video calling in Europe are higher in adolescent groups, with 51.0 percent reporting to utilize these online applications. Among young adults, 46.0 percent reported to use the Internet for telephoning and video calling, while only 35.0 percent of adults reported to use this particular online function. Across all age-groups, males have a higher tendency to use these respective applications compared to their female counterparts8.  
2.3.8  Learning activities Online learning activities, or educational technology, is the practice of facilitating education and learning through using, creating and managing technological resources19. Educational technologies, in terms of online learning, can take many different forms. Several examples of educational technologies include: (i) online tutorials that introduce new users to a specific application, (ii) online literature in a particular field or subject, (iii) online databases with global and regional statistics, (iv) interactive whiteboards in classrooms with touch screen functions, and (v) online discussion forums19.  In EU-28, however, the percentage of individuals using the Internet for education and learning purposes is below 50.0 percent in all age-groups. Adolescents have the highest percentage of utilizing online learning applications (43.0%), followed by young adults (40.0%) and adults (19.0%). Online learning activities are higher in adult males, whereas adolescent females have a higher rate than their male peers. In young adults, gender rates were evenly split with 40.0 percent each for both males and females reporting to use the Internet for learning activities.  Overall, the most prevalent online activities rated above 45 percent in the general population across EU-28 included emailing (87.0%), social networking (63.0%), reading online newspapers (61.0%), chatting or instant messaging (54.0%), playing online video games (51.0%) and watching videos or listening to music (45.0%). In order to contextualize these rates, statistics on Internet activities in the U.S. were utilized for comparison. Rates in the U.S. general population were comparatively lower than those reported in the EU, especially in regards to social networking (51.0%), playing online video games (36.0%), watching videos or listening to music (34.0%) and chatting or instant messaging (20.0%). The highest reported online activities in the US involved emailing (87.0%), which is equivalent to European rates, followed by general surfing of the Web (78.0%).  
2.4  ADDICTIVE POTENTIAL OF ONLINE ACTIVITIES There is strong evidence corroborating the addictive potential of certain online activities16,20. Research shows that distinct online activities can be highly addictive21, whereby, users are enticed to spend more time online in order to engage in these respective activities. Albeit some scholars refer to this phenomenon as an addiction to the Internet, it should be elucidated that addiction most likely occurs from the content of online activities and not the Internet itself. The Internet is a form of technology, and technology in itself is neither “good” nor “bad”. Individuals do not actually become addicted to the Internet, as the Internet is merely a vehicle to access online applications22. The problem is attributed to its “use”, rather than the technology itself. Thus, the concept of addiction in reference to the Internet should refer to the pathological nature and addictive behaviours related to its “use” in accessing certain online applications and engaging in specific Internet activities23.   
19 | P a g e   
Evidence suggests that massively multiplayer online role-playing games (MMORPG) entice users to play the game for longer periods of time in order to follow the progressive storyline of their online character32. The liaison between MMORPG and excessive use has shown to be significantly associated and linked with multiplayer features, higher experiences of competence, greater autonomy and relatedness during gameplay33. In addition to MMORPGs, other genres of Internet gaming, such as MUDS, FirstPerson Shooters (FPS) and real-time strategy games have also proven to be interrelated with excessive time spent online34,35. Among gamers, excessive use of playing preferred games online can range from 30 to 60 hours per-week with individual sessions lasting 10 or more hours per-day36.   SNS (e.g. Facebook and Twitter) has also emerged in recent years, signifying both a surge in time spent online and negative associations with real-life social interactions37. Evidence suggests that individuals may feel compelled to update and sustain their online social networks to appeal to their existing relationships, while attempting to attract new friends to join their network. Kuss and Griffiths38 reported that extraverted individuals appear to utilize SNS for social enhancement, while introverted individuals utilize it for social compensation. In both cases, there seemed to be a substantial interconnection between the two and excessive use.   Research shows that chatting or instant messaging (IM) is an online activity that is frequently utilized by adolescents and university students. Technological advances and the development of new interactive applications (e.g. WhatsApp or Snapchat) has expedited the appeal and popularity of chatting and instant messaging39. With the new advancement of multiple IM utilities, users have the ability to text with multiple individuals simultaneously, which has proven to be a popular function, particularly in adolescents. Evidence shows that normal IM users spend an average of 2 hours per day actively texting, while excessive IM users can spend an average ranging from 3 to 5 hours per day40. In theoretical terms, the rapid surge of individuals excessively using IM applications could potentially be due to its instantaneous nature, wherein users may inadvertently feel pressured to immediately reply to a text once received. There is also an inherent time latency in which IM users lose track of time when chatting or texting with family or friends. Individuals’ excessively using IM applications have a latent risk for developing a probable displacement effect.  In terms of Internet use, the displacement effect theory41,42 proposes that excessive time online has the propensity to displace real-life activities that are essential for psychosocial development, particularly in adolescents43,44. Studies show that excessive use of online applications displaces time for sleeping45, engaging in physical activities46, participating in extra-curricular activities47, performing academic tasks48 and face-to-face interactions with family and friends49,50. Within this theoretical framework, it is evident that the more time individuals spend online exploiting their preferred Internet activities, the risk of developing an addiction becomes significantly elevated51.  
2.5  IDIOSYNCRATIC FORMS OF ONLINE BEHAVIOURS As Internet addictive behaviours lack any formal nomenclature, the following three categories were developed, for the purpose of this thesis, to distinguish between Internet user types: Adaptive Internet Use (AIU), Maladaptive Internet Use (MIU) and Pathological Internet Use (PIU). The nomenclature of these classifications are based on the theoretical assumption52, which is supported by evidence-based research51,53, that this condition follows similar biopsychosocial pathways as other addictive disorders54. The three respective Internet user groups (AIU, MIU, PIU) are conceptualized accordingly.  
2.5.1 Adaptive Internet use (AIU) The Internet is particularly appealing to adolescents, given their developmental traits and inquisitive nature. The ability to access up-to-date information on any given topic, facilitate new and existing relationships and indulge in a wide-range of online activities is especially alluring 19 | P a g e   
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for youth. The Internet abets the daily life of adolescents and essentially empowers them through the ability to have complete control over their Internet activities and online content.   Most individuals, including adolescents, have positive and beneficial encounters when online. The Internet provides an extensive platform in terms of information, learning, socializing and entertainment. Users often take advantage of these opportunities and develop their knowledge and social skills during online sessions. This group of individuals are referred to as adaptive Internet users (AIU). For adaptive users, the Internet serves as a supportive tool, rather than a source of identity. Adaptive users are able to balance online and offline engagements through prioritizing, self-monitoring and exploring alternative offline options when necessary. In this group, individuals have the ability to self-correct through behavioural modification, discipline and self-regulation55. 
 
2.5.2 Maladaptive Internet use (MIU) Individuals exhibiting initial signs of explicit use of a specific online activity, or begin to use the Internet more frequently and for longer periods of time, while neglecting other obligations and commitments, are indicators or even potential precursors of MIU. Maladaptive users are not considered to have reached the level of Internet pathology; rather, they are at an elevated-risk for developing an addiction. MIUs often experience difficulties in controlling impulses, modifying behaviours and exercising self-control. Among this group, excessive use of the Internet begins to displace main areas of daily routines, including school attendance, peer relationships and extracurricular activities56. As maladaptive users neglect these important offline activities that are beneficial to psychosocial health, negative effects start to emerge. Initial adverse effects experienced by maladaptive users are often related to sleep disturbances, due to excessive use, and distress when they are unable to go online. Adolescent maladaptive users frequently make significant efforts to maintain or increase their level of Internet use, often bypassing parental control exertions, if necessary57. Maladaptive users often attempt to normalize or even legitimize their excessive use. By justifying their perilous online behaviours, users in the maladaptive group essentially give themselves permission to continue using the Internet despite negative consequences. As these compulsive patterns persist, there is an imminent risk their Internet use can transition from maladaptive to pathological.  
2.5.3 Pathological Internet use (PIU) Individuals classified as pathological Internet users often display symptomatic behaviours similar to those observed in other behavioural addictions. Pathological users lack the ability to control impulses and manage their time online. They are often preoccupied with online activities and crave their next online session. Adolescents in this group tend to build-up a tolerance quickly, thus they need to use the Internet more frequently and for longer periods of time in order to achieve satisfaction. Pathological users may jeopardize their relationships with family and friends or neglect important obligations, due to the excessive use of online applications. They may also fabricate their online behaviours to family and relatives in an attempt to conceal the extent of their involvement in the virtual world. In some cases, pathological users may even use the Internet as means to escape or palliate dysphoric moods, such as depression or anxiety. Individuals in this group have greater difficulties in controlling and regulating online and offline activities to the point where it becomes dysfunctional. In line with other addictive disorders, pathological users will often experience negative psychological, social and somatic effects, as a result of their online addictive behaviours58.  
2.6  CONCEPTUALIZING PATHOLOGICAL INTERNET USE   
2.6.1 Nomenclature of pathological Internet use When assessing the nomenclature of addictive behaviours related to Internet use, a review of the scientific literature shows considerable heterogeneity between studies. There is an extensive assortment of terms that have materialized in recent years to categorize this phenomenon, including, but not limited to, ‘Internet addiction’, ‘Internet dependence’, ‘Internet behaviour 20 | P a g e   
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dependence’, ‘Internet addiction disorder’, ‘compulsive Internet use’, ‘problematic Internet use’, ‘net addiction’, ‘excessive Internet use’, ‘Internet overuse’, ‘cyber addiction’, ‘computer addiction’, ‘Internet related disorder’ and ‘pathological Internet use’. In the latter term, ‘pathological Internet use’ (PIU) is one of the first and most utilized terminologies in current research. As the term ‘pathological Internet use’ better reflects the addictive potential of ‘using’ the Internet to engage in online activities as opposed to being addicted to the Internet itself, this expression will be the applied term throughout this thesis.  
2.6.2 Definition of pathological Internet use According to the American Society of Addiction Medicine (ASAM)59, addiction is characterized by impairments of behavioural control, diminished recognition of significant problems related to behaviours, interpersonal relationships, consistent cravings and the inability to consistently abstain from the respective substance or behaviour. These relevant physiognomies are frequently observed in pathological users. In an attempt to develop a universal definition of PIU using well-established expressions of other addictive disorders, Shaw and Black60 conducted an extensive systematic review evaluating definitions, assessments and epidemiological factors for PIU. In terms of its definition, the authors concluded that PIU is “characterized by excessive or poorly controlled preoccupations, urges or behaviours regarding Internet use that leads to impairment or distress.” This definition is widely used in scientific-based research and will be used to delineate PIU in the respective thesis. 
 
2.6.3 Differentiating between pathological Internet use and excessive Internet use Although pathological use and excessive use of the Internet are highly intersecting, it is critically important to underscore that these conditions are two separate entities and should not be used interchangeably. Albeit excessive use is often a symptom of PIU, excessive usage in itself does not customarily denote addictive traits. Excessive use is exemplified by using the Internet to an immoderate degree; however, it does not necessarily involve symptoms related to addiction, such as salience, withdrawal symptoms, tolerance or mood modification. In theoretical terms, PIU is often classified as a behavioural addiction with impulse-control debilities. This is in line with a study conducted by Caplan and colleagues61, who argued that PIU is an impulse-control disorder with addictive traits, whereas excessive Internet use includes a degree of online activity exceeding individualistic perceptions of planned, usual or normal behaviours related to Internet use. Moreover, in a study by Lee and colleagues62, the authors investigated the disparities between adolescents with PIU and excessive Internet use by conducting diagnostic interviews. Findings exemplified that the relationship between pathological use and excessive use significantly differentiated in terms of psychiatric comorbidities and psychosocial behaviours. It is, therefore, utterly critical to develop clear and distinctive nomenclature and definitions of PIU, excessive Internet use and other related conditions for future clinical and population-based research endeavours.  
2.6.4 Diagnostic criteria of pathological Internet use The diagnostic criteria of PIU is still very much ambiguous. At present, there lacks an international accord on the diagnosis of PIU. It is neither listed in the ‘International Classification of Diseases (ICD)’ nor the ‘Diagnostic and Statistical Manual of Mental Disorders (DSM)’ nosological systems. In the scientific literature, PIU has conceptually been modelled as an impulse-control disorder and derived from the DSM-4 diagnostic criteria of pathological gambling; however, these taxonomies appear to be shifting, due to the new guidelines stipulated in the DSM-5. Despite recent developments, early research has indicated that PIU is a subtype of behavioural addiction, akin to the diagnostic construct of pathological gambling.  In a recent mixed-methods study, both quantitative and qualitative approaches were employed to ascertain whether or not PIU should be classified as a behavioural addiction63. Standardized measures were used to assess quantitative data, whereas focus groups were conducted to explore subjective experiences shared by a sample of university students diagnosed with PIU. 21 | P a g e   
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Results of the standardized measures and focus groups indicated a considerable overlap between students’ symptoms of PIU and the criteria for substance use and gambling disorders in the DSM-5. Findings revealed that the majority of participants exhibiting symptoms of PIU described their online behaviours as an addiction, similar to substance use disorders63. By using this mixed-methods approach, the following symptoms of PIU were ascertained: (i) loss of interest in activities other than the Internet, (ii) withdrawal symptoms when offline, (iii) preoccupation with online activities, (iv) craving, (v) using the Internet to escape or relieve negative moods, (vi) lying about Internet usage, (vii) using the Internet longer than intended, (viii) using the Internet excessively despite negative consequences, and (ix) unsuccessful attempts to stop or reduce Internet use63.  The respective PIU criteria are in liaison with symptoms of both substance use disorders and behavioural addictions stipulated in the DSM-5, suggesting these conditions are, to a large extent, highly overlapping.  
2.7  PATHOLOGICAL INTERNET USE AND DSM-5 ADDICTIVE DISORDERS The major challenge facing PIU research is its conception as an addictive disorder. There are continual discussions within the scientific community as to whether PIU merits inclusion in the DSM nosological system as an official disorder. In the midst of these debates, a major shift in nomenclature, diagnostics and structure of addictive disorders in the DSM-5 were undertaken. The subsequent amendments to the categorical framework of addiction in the DSM-5 are depicted accordingly.  
2.7.1 Substance use disorder  In the DSM-5, the APA no longer makes distinctions between substance abuse and substance dependence; rather, all substance-related addictions are now listed under the category ‘substance use disorders’ (SUDs). The DSM-5 essentially combined the two substance use categories, abuse and dependence, from the DSM-4 and restructured it into a single measure (SUD), which is evaluated on a continuum ranging from mild to severe. Each chemical is now denoted as a distinct subtype disorder (e.g. alcohol use disorder, opioid use disorder, cocaine use disorder, etc.); however, they are all diagnosed with the same overarching criteria. The APA stipulated that the revisions made to SUDs, as a single and separate diagnosis, will better reflect the symptoms experienced by patients.  There is mounting evidence demonstrating significant associations between behavioural addictions and SUDs64-67. PIU, in particular, has been shown to share neurological, biological and psychosocial characteristics with both gambling disorders and SUDs68,69. Moreover, PIU and SUDs among individuals impart similar personality traits, such as high novelty-seeking and low reward dependence. Psychosocial proneness to low family function, low self-esteem, low life satisfaction and social isolation are all factors associated with both PIU and SUDs70. The significant relationship between PIU and SUD could partly be due to sensitization.  Addiction-prone phenotypes for SUDs are likely to have an effect in sensitizing other alternative reinforcers such as PIU. This suggests that individuals susceptible to SUDs would have a higher risk of PIU than those without previous symptoms of substance use. This is corroborated by several studies indicating that subjects with preceding SUDs have a significantly higher risk of PIU compared to those with no known history of substance abuse71,72.  
2.7.2 Behavioural addiction disorder One of the most momentous changes to the DSM nosological system is the introduction of a category named ‘behavioural addiction’, which is listed under the classification of ‘substance-related and addictive disorders’ in the DSM-5. This new category marks several important points at many different levels. For the first time, addiction is not limited to exploited chemicals in substance use disorders, rather it transcends across behaviours into a broader spectrum. The recognition by the APA legitimizes the condition, wherein universal and standardized diagnostic criteria can be developed and implemented for public health research and clinical use. 22 | P a g e   
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Moreover, this new classification opens the door for eventual consideration of potential subtype disorders of behavioural addiction, such as PIU and Internet gaming disorder.  The terminology and classification of pathological gambling has also been modified in the DSM-5. In terms of nomenclature, ‘pathological gambling’ has been changed to ‘gambling disorder’ (GD). GD was previously classified as an impulse-control disorder in the DSM-4; however, it is now listed as the sole disorder under the new category ‘behavioural addiction.’ The new term and taxonomy of GD is embraced by current research findings definitively showing that GD is similar to SUDs73 in terms of brain origin and physiology67, comorbidity74, clinical expression75 and treatment76.  Research shows that there is a consistent and interconnected relationship between PIU and GD. In a study assessing the link between PIU and GD, findings indicated that individuals exhibiting difficulties in controlling and regulating their Internet use were at a significantly higher risk of GD77. Moreover, there is surmountable evidence showing PIU and GD share similar neurobiological and psychological profiles. GD is known to be associated with depression78, anxiety79, ADHD80 and substance use disorders81 in both adult and adolescent populations. These respective psychiatric disorders are also significantly associated with PIU82. Based on these findings, PIU may share similar etiological factors with GD and potentially moderates the liaison between GD and risk-measures83.  
2.7.3 Internet gaming disorder In the contention surrounding the modifications to addictive disorders in the DSM-5, the integration of behavioural addiction ultimately led to a proposition to include Internet gaming disorder (IGD) as a subtype disorder under the new respective category. As IGD still lacked conclusive scientific-based evidence to include the condition as a subtype disorder in the DSM-5, the APA decided to include IGD in Section III of the manual, stipulating that further research is required. The criteria of PIU and IGD, however, are highly overlapping. In Young’s 8-item diagnostic criteria of PIU9, all eight items reflect the 9-item diagnostic criteria of IGD in the DSM-584. Moreover, both conditions are known to be subtypes of behavioural addiction and significantly associated with similar psychopathologies85 and psychosocial factors86. It should be noted, however, that these two conditions are separate entities; thus, clear and explicit criteria distinguishing the two conditions are important. 
 
2.8  PHENOMENOLOGICAL PERSPECTIVE OF PATHOLOGICAL INTERNET USERS Despite the contradictions and contentions in approaches to the nosological classification of PIU, a small, but relative, consensus on the phenomenological facets of PIU are reported. In terms of phenomenology, research has shown that there are distinctive themes in the subjective experiences endured by individuals with PIU that are both consistent and correspond between independent studies87. In a study assessing the phenomenology of PIU in a sample of university students, findings revealed that the need to spend more time online to achieve satisfaction, obsessive or recurring thoughts about online activities and psychosomatic ailments were significant symptoms identified among individuals with PIU88. Bernardia and Pallantia89 conducted a study assessing dissociative symptoms in pathological users and noted several phenomenological characteristics, including preoccupation with online activities, using the Internet to escape or alleviate depression, risking personal relationships and the inability to decrease or discontinue Internet usage. Pathological users also displayed phenomenological signs indicative of frequent and prolonged use of the Internet, poor interpersonal relationships, isolation from other forms of social interaction and dysfunctional coping skills90. The phenomenology of PIU substantially corresponds to the phenomenological characteristics observed in other addictive disorders87.  
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2.9  DIAGNOSTIC MEASURES FOR ASSESSING PATHOLOGICAL INTERNET USE There are a variety of research-based evaluation scales and questionnaires that have been developed over the years to assess PIU (see Table 1). One of the earliest and most notorious evaluation tool used to measure PIU is the Young’s Diagnostic Questionnaire (YDQ), which was developed by Prof Kimberly Young in 199691. Given PIU appears to be most akin to the nature of pathological gambling, the YDQ was constructed based on the ten-item diagnostic criteria of pathological gambling in the DSM-4. Two items were omitted from the ten-item criteria of pathological gambling in order to provide a more rigorous cut-off score for PIU. This resulted in an eight-item dichotomous questionnaire (YDQ) that encompassed the following symptomatic criteria: spending time online longer than intended, salience, withdrawal symptoms, tolerance, concealing and deception, negative consequences, escapism and loss of control. The YDQ is the most widely utilised unidimensional measure for assessing PIU and has been translated in multiple languages with relatively good temporal stability and internal validity values (see Table 1). Albeit the YDQ has shown acceptable psychometric properties, there remain critiques of its validity in terms of criteria and diagnostic scoring. According to Beard and Wolf92, the criteria reflecting salience, loss of control, withdrawal and time spent online longer than intended could be met without the loss of psychosocial functioning. Their proposition for the diagnostic criteria of PIU involved subjects testing positive on the respective five symptoms described above and at least one of the latter criteria concerning concealment and deception of PIU, negative consequences or escapism. The proposal of this diagnostic scheme to the YDQ, however, has only been used in a small number of studies. 
 In light of these critiques, Young consequently constructed the Internet addiction test (IAT), which is an expansion of the eight-item YDQ questionnaire. The diagnostic criteria were based on the DSM-4 symptoms of substance dependence and pathological gambling. In addition to the eight items from the YDQ, dimensions related to behavioural and cognitive salience and neglecting important obligations were also included. The IAT is a 20-item measure that is rated on a 6-point Likert scale. The IAT is indubitably the most widely used psychometric instrument for measuring PIU across the globe. It has also been translated into multiple languages and undergone rigours testing of its psychometric properties. The scale has consistently exhibited excellent temporal stability, construct validity and internal validity values (see Table 1).    In addition to the YDQ and IAT measures, there are a number of other psychometric instruments developed based on the DSM-4 criteria of substance dependence and pathological gambling. These include the Internet Addiction Scale (IAS), Compulsive Internet Use Scale (CIUS), Problematic Internet Usage Scale (PIUS) and the Chen Internet Addiction Scale (CIAS). In the latter scale, the CIAS is a 26-item measure that is rated on a 4-point Likert scale. Developed in China, the CIAS criteria assesses the common addictive traits as the other psychometric instruments, however, it also evaluates time management difficulties, which is a unique dimension not accompanied by other psychometric measures. In relation to its psychometric properties, a study comparing the construct validity of the YDQ, IAT and CIAS showed significantly high correlations between the three assessment tools indicating good construct validity for the three respective measures. The CIAS also exhibited robust temporal stability and internal validity values, making it one of the most widely used psychometric instruments for measuring PIU in Asian countries (see Table 1).  In contrast to psychometric scales that are based on the DSM criteria of substance dependence and pathological gambling, there are other scales constructed on the basis of cognitive models. These primarily involved the Online Cognition Scale (OCS), the Generalized Problematic Internet Use Scale (GPIUS) and the Generalized Problematic Internet Use Scale (GPIUS-2). The OCS is a 36-item questionnaire comprising a 7-point Likert scale. Items are based on symptoms elucidated in the scientific literature, particularly focused on cognitions rather than behaviours, and adapted from related measures of procrastination, depression and impulsivity. The GPIUS consists of 29 items that are rated on a 5-point Likert scale. The GPIUS comprises symptoms and 24 | P a g e   
2.9  DIAGNOSTIC MEASURES FOR ASSESSING PATHOLOGICAL INTERNET USE There are a variety of research-based evaluation scales and questionnaires that have been developed over the years to assess PIU (see Table 1). One of the earliest and most notorious evaluation tool used to measure PIU is the Young’s Diagnostic Questionnaire (YDQ), which was developed by Prof Kimberly Young in 199691. Given PIU appears to be most akin to the nature of pathological gambling, the YDQ was constructed based on the ten-item diagnostic criteria of pathological gambling in the DSM-4. Two items were omitted from the ten-item criteria of pathological gambling in order to provide a more rigorous cut-off score for PIU. This resulted in an eight-item dichotomous questionnaire (YDQ) that encompassed the following symptomatic criteria: spending time online longer than intended, salience, withdrawal symptoms, tolerance, concealing and deception, negative consequences, escapism and loss of control. The YDQ is the most widely utilised unidimensional measure for assessing PIU and has been translated in multiple languages with relatively good temporal stability and internal validity values (see Table 1). Albeit the YDQ has shown acceptable psychometric properties, there remain critiques of its validity in terms of criteria and diagnostic scoring. According to Beard and Wolf92, the criteria reflecting salience, loss of control, withdrawal and time spent online longer than intended could be met without the loss of psychosocial functioning. Their proposition for the diagnostic criteria of PIU involved subjects testing positive on the respective five symptoms described above and at least one of the latter criteria concerning concealment and deception of PIU, negative consequences or escapism. The proposal of this diagnostic scheme to the YDQ, however, has only been used in a small number of studies. 
 In light of these critiques, Young consequently constructed the Internet addiction test (IAT), which is an expansion of the eight-item YDQ questionnaire. The diagnostic criteria were based on the DSM-4 symptoms of substance dependence and pathological gambling. In addition to the eight items from the YDQ, dimensions related to behavioural and cognitive salience and neglecting important obligations were also included. The IAT is a 20-item measure that is rated on a 6-point Likert scale. The IAT is indubitably the most widely used psychometric instrument for measuring PIU across the globe. It has also been translated into multiple languages and undergone rigours testing of its psychometric properties. The scale has consistently exhibited excellent temporal stability, construct validity and internal validity values (see Table 1).    In addition to the YDQ and IAT measures, there are a number of other psychometric instruments developed based on the DSM-4 criteria of substance dependence and pathological gambling. These include the Internet Addiction Scale (IAS), Compulsive Internet Use Scale (CIUS), Problematic Internet Usage Scale (PIUS) and the Chen Internet Addiction Scale (CIAS). In the latter scale, the CIAS is a 26-item measure that is rated on a 4-point Likert scale. Developed in China, the CIAS criteria assesses the common addictive traits as the other psychometric instruments, however, it also evaluates time management difficulties, which is a unique dimension not accompanied by other psychometric measures. In relation to its psychometric properties, a study comparing the construct validity of the YDQ, IAT and CIAS showed significantly high correlations between the three assessment tools indicating good construct validity for the three respective measures. The CIAS also exhibited robust temporal stability and internal validity values, making it one of the most widely used psychometric instruments for measuring PIU in Asian countries (see Table 1).  In contrast to psychometric scales that are based on the DSM criteria of substance dependence and pathological gambling, there are other scales constructed on the basis of cognitive models. These primarily involved the Online Cognition Scale (OCS), the Generalized Problematic Internet Use Scale (GPIUS) and the Generalized Problematic Internet Use Scale (GPIUS-2). The OCS is a 36-item questionnaire comprising a 7-point Likert scale. Items are based on symptoms elucidated in the scientific literature, particularly focused on cognitions rather than behaviours, and adapted from related measures of procrastination, depression and impulsivity. The GPIUS consists of 29 items that are rated on a 5-point Likert scale. The GPIUS comprises symptoms and 
25 | P a g e   
criteria based on Davis’ cognitive behavioural model52. The items form five subscales assessing, namely, cognitive preoccupation, mood regulation, negative outcome, preference for online social interaction and compulsive use. The GPIUS-2 is a modified version of the GPIUS, comprising 15 items that are rated on a 6-point Likert scale. In the GPIUS-2, criteria are based on items from the original GPIUS, however, two additional factors related to online social interaction and self-regulation were introduced. The relative scales based on cognitive models are vigorous measures for assessing PIU and comprise robust psychometric properties, including excellent temporal stability and internal validity values (see Table 1).   
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2.10 THEORETICAL MODELS ON PATHOLOGICAL INTERNET USE 
2.10.1 LaRose’s social-cognitive model of uses and gratifications Viewed as a psychological communicative feature, the social-cognitive model concerning uses and gratifications focuses on the use of mass media and interpersonal communication to satisfy their needs and desires124. Based on the uses and gratification model, media is often ascertained by key components involving communicative behaviours, individual needs, motives to communicate, psychological and social situations, mass media and the pragmatic discretion to media use125. In practical terms, this theoretical approach focuses on how media can be utilized to satisfy individuals’ affective and cognitive needs for entertainment and personal desires. The Internet essentially functions as an interpersonal utility for social recognition, social maintenance and building relationships. It also provides an array of other functions, such as acquiring information and entertainment purposes. Evidence shows that that the gratifying nature of the Internet (e.g. enhancing social status or entertainment) ultimately influences individuals’ online behaviours. Individualistic needs for self-presentation, personal identity and escape from reality are essentially the driving force behind the motivations to use the Internet and the gratification it provides for those respective individuals.  
2.10.2 Davis’ cognitive-behavioural model of pathological Internet use   Davis110 developed a cognitive-behavioural model of PIU by categorizing the condition into two separate subtypes: (i) generalized pathological Internet use and (ii) specific pathological Internet use. In the generalized PIU subtype, Internet misuse is independent of the actual Internet content, rather it is based on a dependency to the unique virtual environment that only the Internet can provide, such as massively multiplayer online role-playing games (MMORPG). In the specific PIU subtype, users are considered to have a content-specific addiction, such as online gambling. This form of dependence is presumed to occur even in the absence of the Internet (e.g. gamblers can visit casinos instead of gambling online).  Based on a diathesis-stress model, Davis conceptualizes PIU that involves pre-existing vulnerabilities (diathesis) and life events (stressor). The respective model designates that there are definitive aetiological factors that induce addictive behaviours. These primarily include 
sufficient, necessary and contributory factors52: (i) sufficient factors are aetiological components that essentially ensure the occurrence of symptoms, (ii) necessary factors are necessitated in terms of symptomatic manifestation of symptoms, and (iii) contributory factors are aetiological elements that significantly increase the occurrence of symptoms. It is the interaction between these three factors that theoretically imposes an addictive pathway of progressing PIU symptoms.  According to this model, causal factors of PIU are placed on a continuum ranging from distal to proximal. Distal causes are contiguous to the onset of the dependency, while proximal causes are towards the end. Psychopathologies are considered a distal necessary cause for the manifestation of PIU symptoms, while exposure to the Internet is considered to be the stressor. It should be noted that the underlying psychopathology alone does not result in PIU symptoms, but is a basic component in the aetiology of the disorder. Depending on the level of response the user receives from their initial online experience ascertains whether they continue to use the Internet. Through a process termed operant conditioning (i.e. a type of learning in which behaviours are modified by its antecedents and consequences), the user develops a pattern of Internet use through positive and negative reinforcement. Positive experiences then serve to condition the individual to repeat the use of online activities to achieve the same positive effect. Maladaptive cognitions are thought to be proximal causes of the disorder and are a sufficient cause for the manifestation of Internet pathology. In terms of ruminative cognition style, this model suggests that individuals are constantly thinking about online activities rather than real-life issues. These types of persons often experience PIU for longer periods of time and with more severe symptoms than those who do not adopt this cognitive style.  28 | P a g e   
2.10 THEORETICAL MODELS ON PATHOLOGICAL INTERNET USE 
2.10.1 LaRose’s social-cognitive model of uses and gratifications Viewed as a psychological communicative feature, the social-cognitive model concerning uses and gratifications focuses on the use of mass media and interpersonal communication to satisfy their needs and desires124. Based on the uses and gratification model, media is often ascertained by key components involving communicative behaviours, individual needs, motives to communicate, psychological and social situations, mass media and the pragmatic discretion to media use125. In practical terms, this theoretical approach focuses on how media can be utilized to satisfy individuals’ affective and cognitive needs for entertainment and personal desires. The Internet essentially functions as an interpersonal utility for social recognition, social maintenance and building relationships. It also provides an array of other functions, such as acquiring information and entertainment purposes. Evidence shows that that the gratifying nature of the Internet (e.g. enhancing social status or entertainment) ultimately influences individuals’ online behaviours. Individualistic needs for self-presentation, personal identity and escape from reality are essentially the driving force behind the motivations to use the Internet and the gratification it provides for those respective individuals.  
2.10.2 Davis’ cognitive-behavioural model of pathological Internet use   Davis110 developed a cognitive-behavioural model of PIU by categorizing the condition into two separate subtypes: (i) generalized pathological Internet use and (ii) specific pathological Internet use. In the generalized PIU subtype, Internet misuse is independent of the actual Internet content, rather it is based on a dependency to the unique virtual environment that only the Internet can provide, such as massively multiplayer online role-playing games (MMORPG). In the specific PIU subtype, users are considered to have a content-specific addiction, such as online gambling. This form of dependence is presumed to occur even in the absence of the Internet (e.g. gamblers can visit casinos instead of gambling online).  Based on a diathesis-stress model, Davis conceptualizes PIU that involves pre-existing vulnerabilities (diathesis) and life events (stressor). The respective model designates that there are definitive aetiological factors that induce addictive behaviours. These primarily include 
sufficient, necessary and contributory factors52: (i) sufficient factors are aetiological components that essentially ensure the occurrence of symptoms, (ii) necessary factors are necessitated in terms of symptomatic manifestation of symptoms, and (iii) contributory factors are aetiological elements that significantly increase the occurrence of symptoms. It is the interaction between these three factors that theoretically imposes an addictive pathway of progressing PIU symptoms.  According to this model, causal factors of PIU are placed on a continuum ranging from distal to proximal. Distal causes are contiguous to the onset of the dependency, while proximal causes are towards the end. Psychopathologies are considered a distal necessary cause for the manifestation of PIU symptoms, while exposure to the Internet is considered to be the stressor. It should be noted that the underlying psychopathology alone does not result in PIU symptoms, but is a basic component in the aetiology of the disorder. Depending on the level of response the user receives from their initial online experience ascertains whether they continue to use the Internet. Through a process termed operant conditioning (i.e. a type of learning in which behaviours are modified by its antecedents and consequences), the user develops a pattern of Internet use through positive and negative reinforcement. Positive experiences then serve to condition the individual to repeat the use of online activities to achieve the same positive effect. Maladaptive cognitions are thought to be proximal causes of the disorder and are a sufficient cause for the manifestation of Internet pathology. In terms of ruminative cognition style, this model suggests that individuals are constantly thinking about online activities rather than real-life issues. These types of persons often experience PIU for longer periods of time and with more severe symptoms than those who do not adopt this cognitive style.  
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2.10.3 Griffith’s ‘components model’ of addiction According to Griffiths components model of addiction126, substance use disorders and behavioural addictions, including PIU, develop via biopsychosocial processes that share basic underlying mechanisms and constitute six core components: salience, mood modification, tolerance, withdrawal symptoms, conflicts and relapse. In terms of PIU, the following criteria of the components model are conceptualised. Salience refers to preoccupation with online activities on a number of levels, namely cognitive (compulsive thoughts about online activities), emotional (cravings for next online session) and behavioural (neglecting social and personal responsibilities). Mood modification occurs when individuals use the Internet to alleviate depressed moods or escape from real-life problems. Tolerance is denoted by the necessity to spend more time online in order to attain the desired effect experienced during the initial stages of the addiction. Withdrawal symptoms are unpleasant feelings that arise when the individual attempts to decrease or discontinue their Internet usage; this can occur on the physiological level (shaking or tremors) and psychological level (depression or irritability). Conflicts are denoted by interpersonal conflicts (jeopardizing personal relationships) and intrapsychic conflicts (subjective feelings of losing control). Relapse denotes the unsuccessful attempts to reduce or discontinue Internet use. Griffiths’ components model of addiction provides a robust account for both SUDs and behavioural addictions as it elucidates the procurement, progression and management of the respective addiction.  
2.10.4 Biopsychosocial model of pathological Internet use In line with Griffiths’ components model, there is substantial evidence showing that the pathways of PIU corresponds within the framework of the biopsychosocial model, similar to other addictive disorders (Figure 8). Studies consistently show that PIU shares biological, psychological and social attributes with both behavioural and substance-related addictions72,127-132.  In terms of the biological process, individuals with addiction undergo neurochemical and molecular changes during the initial phase of testing the substance or behaviour to the latter stages of addiction. In the field of neurobiological research, the stimuli of positive reinforcing effects of substance use and behavioural addiction often occur in the mesolimbic dopamine system. In a study assessing the striatal dopamine transporter (DAT), Huo and colleagues25 revealed that DAT levels in the striatum were significantly reduced among individuals with PIU compared to controls. In support of this finding, another study examined 66 adolescents (33 subjects with PIU and 33 healthy controls), which showed similar results. Liu and Luo 133 reported that low levels of plasma dopamine were significantly correlated with both time spent online and PIU among an adolescent sample.   Research examining the genetic profiles of individuals with PIU targeting the nicotinic acetylcholine receptor subunit alpha 4 (CHRNA4) gene has gained popularity in recent years. In a study by Montag and colleagues4, findings showed a significant relationship between the polymorphism of the CHRNA4 gene and the risk of PIU. Another study on heritability and PIU using 5247 monozygotic (MZ) and dizygotic (DZ) adolescent twins, who were registered with the Netherlands Twin Register, was recently conducted. Findings showed that 52 percent of 29 | P a g e   
 
2.10.3 Griffith’s ‘components model’ of addiction According to Griffiths components model of addiction126, substance use disorders and behavioural addictions, including PIU, develop via biopsychosocial processes that share basic underlying mechanisms and constitute six core components: salience, mood modification, tolerance, withdrawal symptoms, conflicts and relapse. In terms of PIU, the following criteria of the components model are conceptualised. Salience refers to preoccupation with online activities on a number of levels, namely cognitive (compulsive thoughts about online activities), emotional (cravings for next online session) and behavioural (neglecting social and personal responsibilities). Mood modification occurs when individuals use the Internet to alleviate depressed moods or escape from real-life problems. Tolerance is denoted by the necessity to spend more time online in order to attain the desired effect experienced during the initial stages of the addiction. Withdrawal symptoms are unpleasant feelings that arise when the individual attempts to decrease or discontinue their Internet usage; this can occur on the physiological level (shaking or tremors) and psychological level (depression or irritability). Conflicts are denoted by interpersonal conflicts (jeopardizing personal relationships) and intrapsychic conflicts (subjective feelings of losing control). Relapse denotes the unsuccessful attempts to reduce or discontinue Internet use. Griffiths’ components model of addiction provides a robust account for both SUDs and behavioural addictions as it elucidates the procurement, progression and management of the respective addiction.  
2.10.4 Biopsychosocial model of pathological Internet use In line with Griffiths’ components model, there is substantial evidence showing that the pathways of PIU corresponds within the framework of the biopsychosocial model, similar to other addictive disorders (Figure 8). Studies consistently show that PIU shares biological, psychological and social attributes with both behavioural and substance-related addictions72,127-132.  In terms of the biological process, individuals with addiction undergo neurochemical and molecular changes during the initial phase of testing the substance or behaviour to the latter stages of addiction. In the field of neurobiological research, the stimuli of positive reinforcing effects of substance use and behavioural addiction often occur in the mesolimbic dopamine system. In a study assessing the striatal dopamine transporter (DAT), Huo and colleagues25 revealed that DAT levels in the striatum were significantly reduced among individuals with PIU compared to controls. In support of this finding, another study examined 66 adolescents (33 subjects with PIU and 33 healthy controls), which showed similar results. Liu and Luo 133 reported that low levels of plasma dopamine were significantly correlated with both time spent online and PIU among an adolescent sample.   Research examining the genetic profiles of individuals with PIU targeting the nicotinic acetylcholine receptor subunit alpha 4 (CHRNA4) gene has gained popularity in recent years. In a study by Montag and colleagues4, findings showed a significant relationship between the polymorphism of the CHRNA4 gene and the risk of PIU. Another study on heritability and PIU using 5247 monozygotic (MZ) and dizygotic (DZ) adolescent twins, who were registered with the Netherlands Twin Register, was recently conducted. Findings showed that 52 percent of 
30 | P a g e   
individuals with PIU were determined by environmental factors, whereas the residual 48 percent of PIU individuals were ascertained by heritability134.  In terms of psychological factors, numerous studies have identified several conditions influencing the development of PIU. Individuals with symptoms of psychological issues often evolve via biological predisposition or acquired through environmental influences. In adolescents, studies have shown that symptoms of loneliness, low self-esteem, low self-concept, low reward dependence, low emotional stability, neuroticism and introversion have been ascertained to increase the risk of PIU135,136, particularly in vulnerable populations. In regards to personality characteristics, studies have demonstrated harm avoidance, novelty seeking, low conscientiousness and intolerance exacerbating the risk of engendering PIU symptoms137,138.   In terms of social factors, there are environmental dynamics that induce both health risk-behaviours and mental health issues in youth across the globe. Adolescents reporting intense stress, poor relationships, family conflict, low academic achievement, substance use, lack of parental bonding and parental monitoring, unsupervised access to the Internet and low social adaptation have a significantly higher risk of developing PIU139,140. Moreover, adolescents who have family members with SUDs or socialize with peers and siblings who use alcohol can substantially amplify symptomatic risks of PIU141.  It is often the combination and interaction between biological, psychological and social factors that ultimately induces PIU symptoms. Based on the biopsychosocial scheme, it is evident that PIU development and progressive symptoms correspond within the framework of this theoretical structure. This can prove useful for future research endeavours to expand this model in efforts to better understand the aetiological pathways involved in the evolution of PIU symptoms.  
2.11  EPIDEMIOLOGY OF PATHOLOGICAL INTERNET USE 
2.11.1 Sociodemographic factors There are several sociodemographic factors that are present in adolescents with PIU. Regarding gender, males have consistently shown higher rates of PIU compared to their female counterparts. This trend has been consistent in the majority of independent studies conducted across the globe. Household composition is another important element determining the risk of PIU in adolescents. There is evidence suggesting that household composition and familial relationships between adolescents and their parents could also affect the risk-level of PIU142. The dynamics between child-parent relationships are extremely influential and have a profound effect on the mental health and well-being of children. Although these data are limited, there are a few studies indicating an association between poor child-parental relationships and the risk of PIU among adolescents57. Moreover, sociodemographic factors as living in a city residence, younger age-groups and ethnicity are also potential correlates of PIU143. 
 
2.11.2 Prevalence rates of pathological Internet use  In the literature, there are a number of studies assessing the prevalence of PIU from across the globe. The majority of these studies, however, applied a wide-range of distinct nomenclature, definitions and psychometric scales assessing PIU. This inevitably makes a direct cross-country comparison even more challenging. In an attempt to standardize this process, epidemiological studies assessing the prevalence of PIU using Young’s Diagnostic Questionnaire, with the same cut-off criteria, were identified in the literature and utilized for a subsequent cross-country comparison.   By using Medline, a total of 20 studies assessing PIU prevalence using the YDQ were obtained. Outcomes revealed that the majority of epidemiological studies measuring PIU prevalence were conducted in Asia. Seven studies were performed in China11,144-149, followed by three studies in Taiwan150-152. In Europe, three studies were conducted in Greece97,153,154 and two studies in 30 | P a g e   
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Norway155,156. In the remaining studies, one study each was discerned in Australia157, India158, Iran159 and Serbia160, respectively (see Table 2).  In China, there were moderate variations in prevalence rates of PIU ranging from 2.4 to 11.7 percent, with an overall average of 7.8 percent. The highest prevalence of PIU, however, was identified in Taiwan. Prevalence rates of PIU among Taiwanese adolescents varied from 13.7 percent to a staggering 23.4 percent, with an aggregated PIU prevalence of 18.5 percent. Studies assessing the prevalence of PIU in Europe, however, are limited. In spite of this paucity, research assessing PIU among adolescents in Greece revealed a relatively elevated level of PIU prevalence ranging from 8.2 to 15.2 percent, with an average rate of 11.7 percent. In another European country, researchers assessing the prevalence of PIU in Norwegian adolescents noted a relatively low prevalence rate ranging from 1.0 to 1.6 percent, with an overall average of 1.3 percent.   There are also sparse studies assessing the prevalence of PIU among distinct countries. The highest prevalence rate of PIU in these studies was identified in Iran, with a PIU rate of 22.8 percent. In a single-based study assessing PIU prevalence in India, results also showed a relatively high percentage of 21.0 percent. The remaining studies reporting prevalence rates of PIU ranged from 4.6 percent in Australia to 18.7 percent in Serbia (see Table 2). 
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2.12  PATHOLOGICAL INTERNET USE AND MENTAL HEALTH IN ADOLESCENTS Given the considerable rise in the prevalence of PIU in recent years, there are legitimate concerns regarding its effect on social and psychological health, particularly among adolescents. Adolescence is a transitional period of exploration and development of one’s cognitive, social and physical attributes. It is during this period of life, however, individuals are most susceptible to certain risks that can affect their mental health. Despite the paucity of evidence-based research within the European context, there are independent studies indicating potential associations between PIU and health risk-behaviours (substance use162), psychopathology (depression163, anxiety164 and attention deficit hyperactivity disorder165) and suicidality (suicidal ideation166 and suicide attempts167). As there continues to be mounting evidence indicating psychosocial impairments developed during early adolescence have a considerably high likelihood of continuation into adulthood, it is vital for research to focus on adopting a public health approach that addresses the complex relationship between PIU and mental health issues in adolescents. Given PIU is a relatively contemporary phenomenon, it is critical to acquire sufficient evidence-based knowledge to determine its effect on mental health and suicidality in diverse adolescent populations, particularly with a European perspective.   
2.13  CLOSING THE RESEARCH GAP The relationship between PIU and mental health in adolescents is still relatively obscure. Although there has been a considerable increase in empirical research on PIU in recent years, the ambiguous nature of its classification and diagnostic criteria impedes efforts to better understand the effect PIU has on the psychosocial well-being of adolescents. There are substantial disparities between independent studies in terms of population, target groups, sample sizes, geographic region, ethnicity, homogeneity, methodologies, psychometric measures and cut-off scores. These discrepancies limit cross-national comparisons and ultimately influence the validity, reliability and generalizability of important findings168,169. Moreover, there is a high and disproportionate quantity of PIU research conducted in Asia compared to the rest of the world. Due to cultural, social and economic imparities between world regions, findings from PIU research involving Asian adolescent populations may not necessarily be applicable to European adolescents or vice-versa; thus, research on PIU performed in other global regions is necessitated. There is a critical need for conducting large, population-based studies that targets adolescents and utilizes systematic procedures, standardized approaches and homogenous methodologies in representative European samples in order to investigate the complex manifestation of PIU and related psychological disorders. Another challenge in PIU research is the considerable dearth of longitudinal studies evaluating this phenomenon. By implementing longitudinal studies, one can assess potential predictors and risk-factors for PIU. Longitudinal studies can also be utilised to test the effect of specific mental health promotion and preventive strategies on reducing the risk of PIU and related psychosocial impairments.   The gap in knowledge on these particular issues hampers the advancement of forming a unified definition, taxonomy and diagnostic criteria of PIU, thereby hindering the development and implementation of preventive interventions for PIU and psychopathology in adolescent populations. Due to the limited and insufficient data of PIU research in Europe, the respective thesis will attempt to close some of these research gaps within the confines of a European perspective.    
3 OBJECTIVES The primary aim of this doctoral thesis is to improve our knowledge of adolescent pathological Internet use within the European context, by assessing its prevalence in relation to demographic and social factors, health risk-behaviours, psychopathology and suicidality. The secondary aim is to identify and ascertain effective preventive strategies for both PIU and psychosocial impairments. 
 This doctoral thesis focuses on five specific objectives: 1. To measure the prevalence of pathological Internet use and assess its relationship with demographic and social factors (Study I); 2. To systematically scrutinize previous research addressing the potential link between pathological Internet use and comorbid psychopathology (Study II); 
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3. To test the association between pathological Internet use, psychopathology and suicidality (Study III); 4. To examine the relationship between pathological Internet use and health risk-behaviours (Study IV); and 5. To assess the preventive effect of mental health action in schools on reducing the onset risk of pathological Internet use and psychosocial impairments (Study V). 
 
4 METHODS AND MATERIAL 
4.1 DATA SOURCE 
4.1.1 Saving and Empowering Young Lives in Europe (SEYLE) This doctoral thesis is performed within the framework of the European Union funded project: Saving and Empowering Young Lives in Europe (SEYLE)170. SEYLE is a randomised controlled trial (RCT) that aims to lead adolescents to better mental health through the implementation and evaluation of mental health promoting and suicide preventive interventions among adolescents in Europe. Data were collected during 2009-2010, and a large epidemiological database was created. The SEYLE epidemiological database is the data source used for the respective thesis.  
4.2 SAMPLE SELECTION AND RANDOMIZATION PROCEDURES A catchment area in each study site was selected, and a list of eligible schools was produced. Eligible schools were categorized by size: large (≥ the median number of students in all respective schools) and small (≤ the median number of students in all respective schools). The inclusion criteria for selecting eligible schools were based on the following conditions: (1) schools were public; (2) had more than two teachers for students aged 15 years; (3) had no more than 60 percent of students of the same gender; and (4) contained at least 40 students aged 15 years. Schools were randomised on the basis of intervention, school size, sociocultural factors, school milieu and school system structure at each study site by using a random number generator171.    
4.3 DESCRIPTION OF THE SEYLE STUDY SAMPLE The SEYLE project involved a consortium of twelve European countries: Austria, Estonia, France, Germany, Hungary, Ireland, Israel, Italy, Romania, Slovenia and Spain, while Sweden served as the coordinating centre. The total study sample comprised 12,395 adolescents (M/F: 5,529/6,799; mean age=14.9±0.9) recruited from 179 randomly selected schools across study sites in the respective eleven countries. Representativeness, consent, participation and response rates of the sample were scrutinized and reported in a methodological analysis171. The demographics of each study site were found to be relatively representative of their corresponding national population. At the 3- and 12-month follow-ups, participation rates were 87.3 percent and 79.4 percent, respectively. The aggregated response rate of schools was 67.8 percent.  
4.4 DATA COLLECTION AND QUALITY CONTROL MEASURES Structured questionnaires covering a wide-range of dimensions related to behavioural, psychological and social attributes were developed. As part of the main objectives in SEYLE, these structured questionnaires were administered to school-based adolescents across catchment areas in the respective eleven European countries in order to collect epidemiological data on social and demographic factors, lifestyles, health- and risk-behaviours, psychosocial factors, psychopathology and suicidality. A two-stage data cleaning and quality control procedure was performed to ensure accurate and reliable data. The first stage of quality control was to create two data files through an independent double entry process at the local level. Data files were then compared and discrepancies were resolved accordingly. The second stage of quality control was performed centrally. Each local dataset was systematically evaluated for inconsistencies at the central level in order to detect errors that may have been overlooked at the first quality control measure at the local level.  
4.5 TRANSLATION AND CULTURAL ADAPTATION OF STRUCTURED QUESTIONNAIRES Structured questionnaires were translated and culturally-adapted into the official language in each participating country. Forward translations were performed to ensure that any discrepancies or 
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uncertainties were accentuated. In order to ensure that all translations were congruent, the materials were back translated, in English, from the respective native language. Incongruities were identified and adjusted accordingly. In addition to the translation process, cultural adaptability was also addressed. At each centre, an iterative process involving cultural adaptation theory, cultural linguistic advisors, socio- and medical anthropologists, focus groups, qualitative interviews and documentation were implemented to ensure all translated materials were both sensitive and compliant to the respective culture in each participating country. All structured questionnaires in SEYLE were translated and culturally adapted into 11 languages: Arabic, Estonian, French, German, Hungarian, Hebrew, Italian, Romanian, Russian, Slovene and Spanish. 
 
4.6 PSYCHOMETRIC INSTRUMENTS Structured questionnaires were administered to adolescents, within the school milieu, at baseline, 3-month and 12-month follow-up evaluations. Validated psychometric scales with robust properties were incorporated into the SEYLE structured questionnaire in order to collect high-quality data comprising demographics, social factors, lifestyles, health risk-behaviours, psychopathology and suicidality. These scales have been translated and culturally adapted into multiple languages and have undergone rigorous testing of their psychometric properties.  The psychometric instruments utilized in this thesis included the following:   
1. Young’s Diagnostic Questionnaire (YDQ) 
2. Beck Depression Inventory-II (BDI-II) 
3. Zung Self-Rating Anxiety Scale (Z-SAS) 
4. Strengths and Difficulties Questionnaire (SDQ) 
5. Global School-Based Student Health Survey (GSHS) 
6. Deliberate Self-Harm Inventory (DSHI) 
7. Paykel Suicide Scale (PSS)  
4.6.1  Young’s Diagnostic Questionnaire (YDQ) In the YDQ9, a diagnosis is based on a pattern of Internet usage during the preceding  six months  that induces clinical impairment or distress, as designated by the presence of the following eight criteria: (1) need for longer amounts of time online to achieve satisfaction; (2) staying online longer than originally intended; (3) preoccupation with online activities; (4) jeopardizing or risking the loss of a significant relationship, job, educational or career opportunity because of the Internet; (5) using the Internet as a way of escaping from problems or relieving a dysphoric mood; (6) lying to family members, therapists or others to conceal the extent of involvement with the Internet; (7) restlessness, moodiness, depression or irritability when attempting to cut down or stop Internet use; and (8) repeated unsuccessful efforts to control, cut back or stop Internet use. The 8-item YDQ is a unidimensional measure with a total score ranging from 0 to 8. Based on the YDQ score, Internet users were categorized into three groups: 
Adaptive Internet users (AIU) [scoring 0-2], Maladaptive Internet users (MIU) [scoring 3-4] and 
Pathological Internet users (PIU) [scoring ≥ 5].  
4.6.2  Beck Depression Inventory-II (BDI-II)  Depressive symptoms were assessed using the Beck Depression Inventory-II (BDI-II)172. The BDI-II is a self-report 21-item inventory rated on a 4-point Likert scale that evaluates the severity of depression in both adolescent and adult populations. There is substantial evidence supporting the validity and reliability of the BDI-II across diverse cultures and populations. In this dissertation, however, a modified version of the BDI-II was applied. One of the items in the original BDI-II (loss of libido) was removed, as in certain countries, this question was considered unsuitable for an adolescent population. The validity of the BDI-II does not appear to be affected by the omission of this question. To ensure this revised 20-item BDI-II version was reliable, Cronbach’s alpha tests were conducted to assess its internal validity. Results showed that the 20-item BDI-II questionnaire was still a reliable measure (α=.864) for assessing symptoms of depression in adolescents. Based on the BDI-II score, the following categories 
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were denoted: no depression (scoring 0-13); mild depression (scoring 14-19); moderate depression (scoring 20-28); and severe depression (scoring 29-63).   
4.6.3  Zung Self-Rating Anxiety Scale (Z-SAS) Anxiety symptoms were measured by using the Zung Self-Rating Anxiety Scale (Z-SAS)173. Z-SAS is self-report 20-item measure rated on a 4-point Likert scale assessing trait and state anxiety in adolescents. Based on the total Z-SAS score, anxiety levels were classified into the following categories: normal range 
(scoring ≤44); mild to moderate anxiety levels (scoring 45-59); marked to severe anxiety levels (scoring 60-74); and extreme anxiety levels (scoring ≥75).   
4.6.4  Strengths and Difficulties Questionnaire (SDQ) The Strengths and Difficulties Questionnaire (SDQ)174 is a self-report 25-item measure rated on a 3-point Likert scale and targets adolescents aged 11-17 years. The SDQ is grouped into five subscales that measure: (1) pro-social behaviours, (2) emotional symptoms, (3) conduct problems, (4) peer problems and 
(5) hyperactivity-inattention. Each subscale comprises five items, thus, a total score is generated by summing the respective values. Based on the SDQ score, adolescents were categorized as normal (scoring 0-15), borderline (scoring 16-19) and severe (scoring 20-40).  
 
4.6.5  Global School-Based Student Health Survey (GSHS) Data on health risk-behaviours were obtained by using questions procured from the Global School-Based Student Health Survey (GSHS)175. Developed by the World Health Organization (WHO), the GSHS is a school-based survey measuring health risk-behaviours among adolescents aged 13–17 years. It is a self-report questionnaire comprising 10 core modules assessing demographics, mental health, violence and unintentional injury, sexual behaviours, alcohol and related substance use, tobacco use, hygiene, physical activity, dietary behaviours and protective factors.   
4.6.6  Deliberate Self Harm Inventory (DSHI) Self-injurious behaviours (SIB) were measured using the Deliberate Self-Harm Inventory (DSHI) developed by Gratz176. In the original DSHI, the questionnaire comprised 17 items with dichotomized responses ‘yes/no’. In this study, a modified version of the DSHI was developed by combining items from the DSHI to simplify and shorten the measure to a 6-item questionnaire. The modified version tested in this study was rated on a 4-point Likert scale and contained the following six items: (1) Have you ever intentionally burned yourself; (2) Have you ever intentionally carved words or markings into your skin; (3) Have you ever intentionally banged your head; (4) Have you ever intentionally prevented wounds from healing; (5) Have you ever intentionally cut your wrist; and (6) Have you ever intentionally hurt yourself in any of the above-mentioned ways so that it led to hospitalization? To ensure the revised 6-item DSHI questionnaire was reliable, Cronbach’s alpha tests were conducted to assess internal validity. Results showed that the 6-item DSHI was still a reliable measure (α=.718) for assessing SIB acts.   
4.6.7  Paykel Suicide Scale (PSS) Suicidal behaviours (suicidal ideation and suicide attempts) was measured by the Paykel Suicide Scale (PSS)177. The PSS comprised 5 questions that were based on the preceding two weeks: (1) have you felt that life was not worth living; (2) wished you were dead; (3) thought of taking your own life; (4) seriously considered taking your own life or even made plans; and (5) have you tried to take your own life? Students responding ‘yes’ to the third (3) and fourth (4) items of the PSS were considered to have suicidal ideation, while students responding ‘yes’ to the fifth (5) item were deemed to have attempted suicide. 
 
4.7 STUDY DESIGNS Cross-sectional study designs were employed to calculate the prevalence of PIU and assess its association with demographic and social factors (Study I); to evaluate the correlation between PIU, psychopathology and suicidality (Study III); and to examine the association between PIU and health risk-behaviours (Study IV). In Study II, a systematic review and meta-analysis design was utilized to systematically explore previous research concerning the correlation between PIU and comorbid 
 
37 | P a g e   
were denoted: no depression (scoring 0-13); mild depression (scoring 14-19); moderate depression (scoring 20-28); and severe depression (scoring 29-63).   
4.6.3  Zung Self-Rating Anxiety Scale (Z-SAS) Anxiety symptoms were measured by using the Zung Self-Rating Anxiety Scale (Z-SAS)173. Z-SAS is self-report 20-item measure rated on a 4-point Likert scale assessing trait and state anxiety in adolescents. Based on the total Z-SAS score, anxiety levels were classified into the following categories: normal range 
(scoring ≤44); mild to moderate anxiety levels (scoring 45-59); marked to severe anxiety levels (scoring 60-74); and extreme anxiety levels (scoring ≥75).   
4.6.4  Strengths and Difficulties Questionnaire (SDQ) The Strengths and Difficulties Questionnaire (SDQ)174 is a self-report 25-item measure rated on a 3-point Likert scale and targets adolescents aged 11-17 years. The SDQ is grouped into five subscales that measure: (1) pro-social behaviours, (2) emotional symptoms, (3) conduct problems, (4) peer problems and 
(5) hyperactivity-inattention. Each subscale comprises five items, thus, a total score is generated by summing the respective values. Based on the SDQ score, adolescents were categorized as normal (scoring 0-15), borderline (scoring 16-19) and severe (scoring 20-40).  
 
4.6.5  Global School-Based Student Health Survey (GSHS) Data on health risk-behaviours were obtained by using questions procured from the Global School-Based Student Health Survey (GSHS)175. Developed by the World Health Organization (WHO), the GSHS is a school-based survey measuring health risk-behaviours among adolescents aged 13–17 years. It is a self-report questionnaire comprising 10 core modules assessing demographics, mental health, violence and unintentional injury, sexual behaviours, alcohol and related substance use, tobacco use, hygiene, physical activity, dietary behaviours and protective factors.   
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4.6.7  Paykel Suicide Scale (PSS) Suicidal behaviours (suicidal ideation and suicide attempts) was measured by the Paykel Suicide Scale (PSS)177. The PSS comprised 5 questions that were based on the preceding two weeks: (1) have you felt that life was not worth living; (2) wished you were dead; (3) thought of taking your own life; (4) seriously considered taking your own life or even made plans; and (5) have you tried to take your own life? Students responding ‘yes’ to the third (3) and fourth (4) items of the PSS were considered to have suicidal ideation, while students responding ‘yes’ to the fifth (5) item were deemed to have attempted suicide. 
 
4.7 STUDY DESIGNS Cross-sectional study designs were employed to calculate the prevalence of PIU and assess its association with demographic and social factors (Study I); to evaluate the correlation between PIU, psychopathology and suicidality (Study III); and to examine the association between PIU and health risk-behaviours (Study IV). In Study II, a systematic review and meta-analysis design was utilized to systematically explore previous research concerning the correlation between PIU and comorbid 
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psychopathology. In Study V, a longitudinal design was used to ascertain the preventive effect of mental health action in schools (MHAS) on reducing the onset risk of PIU and psychosocial impairments.  
4.8 DATA ANALYSES 
4.8.1  Statistical procedures for Study I In study I, a representative sample consisting of 11,956 adolescents (M/F: 5225/6731) with a mean age of 14.9 ± 0.89 years were included in the study. In the respective analyses, both categorical and dimensional evaluations using the YDQ were studied independently. Descriptive analysis of the prevalence for AIU, MIU and PIU stratified by gender and country were conducted. Statistical significance between group proportions were analysed using the Bonferroni-adjusted Wald test after a multinomial regression model, with Internet user group as the dependent variable and country as the independent variable. Mean hours online per-day were calculated and stratified by gender and Internet user group using a two-factor analysis of variance (ANOVA). Goodman and Kruskal’s Gamma test was utilized to explore the association between Internet user groups and online activities distinctly for males and females. Gender differences were compared using likelihood ratio tests. In the multinomial regression analysis examining the association between PIU and social factors, Internet user groups were entered as the dependent variable, while social factors were entered as the independent variables. In order to corroborate results from the categorical analysis using the multinomial regression model, a linear regression model was employed using the YDQ total score as a continuous variable. In the 16 variables used in the regression analysis, at least one or more missing values were detected. This yielded a total of 21.2 percent of the sample (n=2534) that had at least one or more missing values in one of the respective sixteen variables. In order to prevent estimation bias by excluding these subjects, missing values were imputed using the multivariate imputation by chained equations (MICE) algorithm. Regression models were then calculated for the imputed data sets and results were combined. Relative Risk Ratios (RRR) and regression coefficients (β) with 95% confidence intervals (CI) and p-values were reported. A critical value of p < 0.05 was considered to be statistically significant for all models.  
4.8.2  Statistical procedures for Study II Study II is a systematic review and meta-analysis with the aim to methodically evaluate previous research in order to ascertain the relationship between PIU and comorbid psychopathology. An electronic literature search of key indicators was conducted using the following databases: MEDLINE, PsycARTICLES, PsychINFO, Global Health, and Web of Science. There were no restrictions on language, time or publication status. Articles were systematically and independently reviewed by the authors. An impartial evaluation regarding the study type, study population, methodology, outcome measures, effect sizes and interpretation of results were conducted. The inclusion criteria for studies involved population-based studies with a large sample size (n ≥ 1200 subjects), legitimate diagnostic criteria for PIU, subsequent reporting on the correlation between PIU and predetermined psychopathologies, and the psychometric outcome measures assessing psychopathology. This yielded a total of 20 studies for the analysis. The respective twenty articles were rated according to the scheme proposed by the Oxford Centre for Evidence-Based Medicine Results and evaluated by using the following criteria: observation of a full or partial association, significance level, and adjustments for confounders. Full association was considered when a correlation was found for both sexes after multivariate analyses. If a correlation was identified for only one gender, it was classified as a partial association. The geographical distribution of studies was also mapped.  Effect size of the associations was identified by either the original publication or calculated using the data of the respective publications. The calculated effect sizes were either Cohen’s d or R2. In order to compare the different associations, the effect sizes d and R2 were stated as small, moderate and large in accordance to Cohen d, while ORs were converted into the respective groups in accordance to Chinn. The effect sizes were interpreted as small (d=0.2, R2=0.01, OR=1.45), moderate (d=0.5, R2=0.06, OR=2.50) and large (d=0.8, R2=0.14, OR=4.25). The potential effect of publication bias was also assessed by using a funnel plot graph and tested using Egger’s linear regression method. If publication bias was found, a trim and fill method was used to estimate the number of missing studies and adjusted accordingly. 
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4.8.3  Statistical procedures for Study III In study III, a representative sample of 11,356 school-based adolescents (M/F: 4856/6500) with a mean age of 14.9 years were included in the analyses. Symptoms of depression were assessed using the Beck Depression Inventory-II (BDI-II). Anxiety was assessed using the Zung Self-Rating Anxiety Scale (Z-SAS). Emotional symptoms, conduct problems, hyperactivity-inattention, peer relationship problems and pro-social behaviours were measured using the Strengths and Difficulties Questionnaire (SDQ). Self-injurious behaviours (SIB) were evaluated using the Deliberate Self-Harm Inventory (DSHI). Suicidal ideation and suicide attempts were assessed using the Paykel Suicide Scale (PSS).  The prevalence of psychopathology and self-destructive behaviours were calculated and stratified by Internet user group. To analyse the relationship between PIU, psychopathology and self-destructive behaviours, a multilevel mixed-effects linear regression analysis was performed. In this model, PIU was entered as the dependent variable, while age, gender, psychopathological scores (BDI-II, Z-SAS, SDQ) and categorical self-destructive behaviours (DSHI, PSS) were entered as level 1 fixed effects, school as level 2 random intercept and country as level 3 random intercept. The estimation method was full ML with independent covariance structure. A subsequent stepwise reduction of the regression model was conducted in order to minimize the Bayes Information Criterion (BIC). Potential interactions of the predictors with gender and country were also explored. Each predictor was analysed as a separate model. PIU was used as the dependent variable, while the predictor, gender, country and interaction terms (predictor*gender) and (predictor*country) were entered as level 1 fixed effects, with school as level 2 random intercept. To avoid estimation problems, we combined the categories ‘suicidal ideation’ and ‘suicide attempts’ into one category discerned as ‘suicidal behaviours’. Regression coefficients (β) with 95% confidence intervals (CI) and p-values were reported for the respective models. A critical value of p < 0.05 was considered to be statistically significant for all models.  
4.8.4  Statistical procedures for Study IV In study IV, a representative sample of 11,196 school-based adolescents comprising 43.1 percent males and 56.9 percent females (M/F:  4830/6366) with a mean age of 14.88 ± 0.88 years were included in the analysis. Data on health risk-behaviours were obtained by using questions procured from the Global School-Based Student Health Survey (GSHS). The prevalence of individual risk-behaviours among Internet user groups was calculated for males and females. To ascertain statistically significant differences between group proportions, multiple pairwise comparisons using the two-sided z-test with Bonferroni adjusted p-values was performed.   Extended analyses were conducted to test the effect of individual risk-behaviours on MIU and PIU using generalized linear mixed models (GLMM) with a multinomial logit link and full maximum likelihood estimation. In the GLMM analysis, MIU and PIU were entered as the outcome measures with AIU as the reference category, individual risk-behaviours were entered as Level 1 fixed effects, school as Level 2 random intercept and country as Level 3 random intercept. Variance components were used as the covariance structure for the random effects. To study the moderating effect of gender, interaction terms (gender*risk-behaviour) were fitted into the regression model. Adjustments for age and gender were applied to relevant GLMM models. Odds ratios (OR) with 95% confidence intervals (CI) and p-values were reported for the respective models.   In the analysis on multiple risk-behaviours, the mean (M) and standard error of the mean (SEM) were calculated for Internet user groups and stratified by gender. Box and whisker plots were used to illustrate these relationships. Statistical significance between multiple risk-behaviours and gender was assessed using independent samples t-test. One-way analyses of variance (ANOVA) with post hoc pairwise comparisons were employed to assess the statistical significance between multiple risk-behaviours and Internet user groups. Moreover, a regression variable plot was conducted to elucidate the linear relationship between the number of hours online per day and the number of risk-behaviours by Internet user group. A critical value of p < 0.05 was considered to be statistically significant for all models. 
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4.8.5  Statistical procedures for Study V In study V, the objective was to assess the preventive effect of mental health action in schools (MHAS) on reducing the risk of PIU and psychosocial impairments in adolescents. MHAS was conceptualized by two distinct evidence-based actions used in mental health promotion: (1) education-based action through providing mental health education at school, and (2) gatekeeper-based action through teachers initiating open dialogues with adolescents about their mental health. In order to avoid contamination by students involved in one of the three active interventions in SEYLE, only adolescents participating in the ‘control group’ were included in the analyses. The study sample comprised 2,831 school-based adolescents, in which 47.1 percent were males and 52.9 percent were females (M/F: 1333/1498), with a mean age of 14.83 ± .90 years.   Means, standard deviations and proportions were calculated for sociodemographic variables and stratified by Internet user group. Statistical significance between Internet user groups was measured using Chi-squared (χ²) tests for categorical variables and t-tests for dimensional variables. Baseline prevalence of PIU and psychosocial impairments in adolescents were calculated for the total sample. To explore variations between subgroups, prevalence rates for psychosocial impairments were computed and stratified by gender and Internet user group. Multiple pairwise comparisons assessing the significance of psychosocial impairments by gender and Internet user group were conducted using the two-sided z-test with Bonferroni adjusted p-values. In order to study the preventive effect of mental health actions, adolescents testing positive for PIU and psychosocial impairments at baseline evaluation were excluded from the analysis. By analysing incident cases, this method provided the opportunity to calculate the cumulative incidence and compare absolute risk-reductions (ARR) between students exposed and unexposed to mental health actions implemented in European schools. Statistical significance between adolescents’ exposure levels (exposed vs. unexposed) were evaluated using Fisher’s exact test.   To study the independent effect of education-based action, adolescents who received gatekeeper-based action at school were excluded from the analysis, while the analysis on gatekeeper-based action excluded students previously involved in education-based action at school. In a longitudinal analysis, generalized linear models (GLM) using maximum likelihood estimates (MLEs) were employed to assess the independent effects of education-based action (measured at T0) and gatekeeper-based action (measured at T0) on reducing the onset risk of PIU (measured at T1). Regression coefficients (β) with standard errors (SE) and p-values were reported for GLM models.   The effect of MHAS [i.e. the combined effect of education- and gatekeeper-based actions] on PIU and psychosocial impairments were also examined. In this longitudinal analysis, multilevel mixed-effects logistic regression (MELR) models were conducted to assess the preventive effect of MHAS (measured at T0) on reducing the onset risk of PIU and related psychosocial impairments (measured at T1) in school-based adolescents. Robust variance estimates were applied to the MELR models in order to adjust for the clustered data. Odds ratios with 95% confidence intervals (CI) and p-values are reported for respective models. Both GLM and MELR models were adjusted for baseline sociodemographic variables. A critical value of p < 0.05 was considered to be statistically significant for all models.  
4.8.6  Statistical software  Statistical testing of the respective hypotheses for each study (I, II, III, IV and V) was conducted by using either IBM SPSS Statistics 23.0 or STATA 13.0 statistical software.   
4.9 ETHICAL ISSUES The SEYLE epidemiological database is the data source used for the outlined studies. Ethical issues have been scrutinized by the European Commission’s ethical committee and fulfil the ethical principles as stated by the EU and Declaration of Helsinki. Submission to local ethical committees in the respective countries involved in the project has been sought and approval has been obtained. Ethical approval has 
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also been sought for the respective doctoral studies and granted by the Regional Ethical Review Board in Stockholm, Sweden (2012/1750-31/1). 
 
5 RESULTS 
5.1 PATHOLOGICAL INTERNET USE AND MAIN OUTCOMES 
5.1.1  Sociodemographic factors of the total sample  Table 3 depicts the total sample comprising 11,931 adolescents allocated from eleven different European countries with a mean age of 14.89±.88 years. In terms of gender, 56.4 percent were females and 43.6 percent were males.  The majority of adolescents (77.3%) reported to live with their biological parents, with the highest rate observed in Italy (91.6%) and the lowest in Estonia (59.5%). In regards to immigration, 97.2 percent of adolescents reported that they were born in their respective residing country, with the highest rate denoted in Romania (99.6%) and the lowest in Ireland (82.2%). Concerning parents, 85.1 percent of mothers and 83.7 percent of fathers were born in their residing country. For both mothers and fathers, the highest rates were observed in Romania (99.6% and 98.8%, respectively) and the lowest in Israel (64.5% and 61.2%, respectively). In terms of household composition, 8.9 percent of adolescents reported that at least one of their parents worked abroad and 9.8 percent of parents were unemployed. Estonia had the highest rate of parental unemployment (16.4%) compared to the lowest observed in Italy (3.7%). 
 
Table 3. Country-specific sociodemographic variables comprising age, gender, household composition and immigration status in the adolescent sample included in the respective thesis1,2 
Country  Sample   Age   Gender 
 
Child 
lives with 
biological 
parents 
 
Child 
born in 
residing 
country 
Mother 
born in 
residing 
country 
Father 
born in 
residing 
country Parent working abroad Parent unemployed 
 N M SD Male Female % % % % % % Austria    948 15.10 .77 37.0 63.0 80.3 95.0 81.6 82.6   5.9 4.8 Estonia 1,031 14.22 .51 45.9 54.1 59.5 97.9 94.5 88.8 12.9 16.4 France    996 15.16 .75 31.8 68.2 79.0 96.7 92.5 89.8 11.5   6.3 Germany 1,435 14.65 .80 47.7 52.3 73.0 92.7 75.1 69.8   3.8 10.5 Hungry 1,008 15.06 .79 41.2 58.8 70.4 97.2 93.9 92.7   3.8 11.5 Ireland 1,062 13.75 .69 54.3 45.7 82.1 82.2 78.6 79.5   7.5 11.4 Israel    940 15.89 .79 79.5 20.5 70.2 83.8 64.5 61.2 38.1 11.8 Italy 1,188 15.31 .66 31.9 68.1 91.6 96.8 91.9 94.9   1.6    3.7 Romania 1,134 15.02 .37 34.4 65.6 83.6 99.6 99.6 98.8 12.8 10.8 Slovenia 1,163 15.21 .71 29.7 70.3 83.1 96.4 86.7 84.1    5.5    7.1 Spain 1,026 14.52 .70 51.6 48.4 74.6 85.9 82.2 84.7    2.9 14.0 
Total 11,931 14.89 .88 43.6 56.4 77.3 92.7 85.1    83.7     8.9    9.8 1Sample size is based on all adolescents who completed the 8-item Young Diagnostic Questionnaire (YDQ) at baseline evaluation.2Mean (M) and standard deviation (SD).  
5.1.2 Frequent use of online activities by gender and Internet user groups (study I)  Table 4 exemplifies frequent use of the respective online activities stratified by gender and Internet user group. The most frequently used online activities in adolescents included watching videos, followed by downloading music, social networking and e-mailing. With the exception of academic use, frequent use of all online activities was significantly higher in pathological users compared to adaptive users. Significant associations between online activities and Internet user groups were also observed. The strongest associations among adolescents were watching videos, followed by visiting chatrooms and social networking. The associations observed between online activities, however, significantly differed by gender. In male adolescents, the strongest correlated activity included playing online multiuser games, whereas the strongest correlated activity for female adolescents was social networking.   
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Total 11,931 14.89 .88 43.6 56.4 77.3 92.7 85.1    83.7     8.9    9.8 1Sample size is based on all adolescents who completed the 8-item Young Diagnostic Questionnaire (YDQ) at baseline evaluation.2Mean (M) and standard deviation (SD).  
5.1.2 Frequent use of online activities by gender and Internet user groups (study I)  Table 4 exemplifies frequent use of the respective online activities stratified by gender and Internet user group. The most frequently used online activities in adolescents included watching videos, followed by downloading music, social networking and e-mailing. With the exception of academic use, frequent use of all online activities was significantly higher in pathological users compared to adaptive users. Significant associations between online activities and Internet user groups were also observed. The strongest associations among adolescents were watching videos, followed by visiting chatrooms and social networking. The associations observed between online activities, however, significantly differed by gender. In male adolescents, the strongest correlated activity included playing online multiuser games, whereas the strongest correlated activity for female adolescents was social networking.   
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Table 4.    Frequent use of distinctive online activities stratified by gender and Internet user group1 
Online activities 
Adaptive users Maladaptive users Pathological users 
Male 
% 
Female 
% 
Total 
% 
Male 
% 
Female 
% 
Total 
% 
Male 
% 
Female 
% 
Total 
% Academic use 29.3 40.6 35.6 25.0 34.6 30.8 22.3 35.2 28.6 Reading newspapers 27.4 24.5 25.8 31.9 31.8 31.8 30.3 37.4 33.8 E-mailing 47.9 53.8 51.2 53.6 58.8 56.7 54.3 59.8 57.0 Playing single user games 29.6 11.7 19.5 45.9 14.4 27.1 49.4 17.6 33.9 Playing multi-user games 32.7   4.9 16.4 50.4   8.1 23.0 61.1 11.2 31.6 Chat rooms 45.5 46.0 45.7 59.7 60.9 60.4 64.0 65.0 64.5 Downloading music or videos 61.3 55.7 58.2 71.1 69.6 70.2 72.0 77.2 74.6 Watching videos 71.6 68.7 69.9 85.9 85.2 85.4 83.9 89.3 87.1 Social networks 62.0 74.0 69.0 67.7 88.1 80.9 67.7 85.5 78.2 1Data source: Durkee et al. 2012.   
5.1.3 Mean hours online per-day Mean hours spent online per- day was shown to be significantly higher among adolescents in the PIU group compared to those in the AIU group. A significant two-fold increase in mean hours spent online was observed between maladaptive users and pathological users. In a linear regression model, a significant dose-response effect was ascertained between mean hours spent online and Internet user groups. When the analysis was stratified by gender, results showed that male adolescents expended significantly more time on the Internet compared to their female counterparts.  
5.1.4 Prevalence rates by gender and country  Among the total sample, prevalence rates for AIU, MIU and PIU groups were estimated to be 82.1, 13.5 and 4.4 percent, respectively. Albeit females exhibited a slightly higher prevalence rate for MIU (14.3% in females vs. 12.4% in males), males displayed a significantly higher prevalence of PIU (5.2% in males vs. 3.8% in females). Outcomes demonstrated gender variations in prevalence rates for both MIU and PIU groups across countries. Estonia and Slovenia indicated a higher prevalence of MIU in males, while Romania showed that females had a higher rate of MIU. In cross-national comparisons, the highest rate of MIU (18.2%) and PIU (11.8%) was observed in Israel, while the lowest rate was found in Italy (8.8% and 1.2%). MIU and PIU prevalence rates varied significantly between the participating European countries.  
5.1.5 Social factors and accessibility The relationship between Internet user groups and sociodemographic conditions was assessed in a multinomial regression model and reported as relative risk ratios (RRR). In support of the gender variations observed in the prevalence rates, females had a significantly higher relative risk of MIU, whereas males had a higher relative risk of PIU. Adolescents who reported to not live with a biological parent and those living in metropolitan areas had an elevated risk of both MIU and PIU. In fact, students not living with a biological parent had a three-fold increased relative risk of PIU (RRR=3.0; CI: 1.86-4.86) compared to adolescents living with a biological parent. In the assessment of low parental involvement, significant relative risk ratios were observed in both MIU and PIU groups in adolescents who perceived that their parents do not pay attention to them (RRR = 1.46; CI: 1.30–1.65 and RRR = 2.20; CI: 1.78–2.71); do not know what the adolescent does with their free time (RRR = 1.87; CI: 1.66–2.10 and RRR = 1.93; CI: 1.58–2.35); and do not understand them (RRR = 1.70; CI: 1.50–1.94 and RRR = 2.14; CI: 1.70–2.68). Similar outcomes were also found to be significant for negative peer relationships, parental unemployment and Internet accessibility. In regards to the latter, the linear regression model showed a significant association between Internet accessibility and the YDQ total score.  
5.1.6 Health risk-behaviours The average prevalence rates of health risk-behaviours were also calculated in the adolescent sample. Results showed that the prevalence for AIU, MIU and PIU groups were 19.0, 27.8 and 33.8 percent for sensation-seeking behaviours; 23.8, 30.8 and 35.2 percent for lifestyle characteristics; and 16.4, 24.3 
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and 26.5 percent for substance use, respectively. Pairwise comparisons examining the statistical significance between MIU and PIU groups showed that the majority of health risk-behaviours did not significantly differ between these two groups. In the PIU group, however, 89.9 percent of adolescents reported to having multiple risk-behaviours. Outcomes revealed that the mean rate of multiple risk-behaviours significantly increased from adaptive use (M=4.89, SEM=.02) to maladaptive use (M=6.38, 
SEM=.07) to pathological use (M=7.09, SEM=.12). This trend was essentially identical for both males and females.  The association between PIU and health risk-behaviours was assessed using generalized liner mixed models (GLMM). In the GLMM analysis, outcomes revealed that health risk-behaviours were significantly and equivalently associated with both MIU and PIU groups, with the exception of risk-taking actions and truancy. Effect sizes showed that poor sleeping habits (ranging from OR=1.47 to 2.17) were the strongest factors associated with PIU. Adolescents reporting to use tobacco, partake in risk-taking actions, physically inactive and have a poor nutritional diet significantly increased the relative odds of PIU. The analysis on gender interactions indicated that the association between risk-taking actions, poor sleeping habits and PIU were significantly higher in females, whereas the association between truancy, poor nutrition and PIU was significantly higher in males.  
5.1.7 Psychopathology and self-destructive behaviours In the systematic review and meta-analysis, an extensive literature search was performed in order to identify scientific-based evidence supporting or refuting the association between PIU and psychopathology. In the studies meeting the inclusion criteria in the systematic review, 75 percent of the respective articles reported a significant association between PIU and depression, while 57 percent reported a significant correlation between PIU and anxiety. Attention deficit hyperactivity disorder (ADHD), however, was the strongest symptom correlated with PIU.   To support these findings, the relationship between PIU and psychopathology was examined using the European adolescent sample from SEYLE. Significant variations of moderate to severe depression and anxiety between the Internet user groups were observed. The prevalence of depression and anxiety in the AIU group was 5 percent for both psychopathologies. In the MIU group, prevalence rates of depression and anxiety was 17.1 and 16.4 percent, respectively. In the PIU group, however, a significantly higher prevalence of depression (33.5%) and anxiety (27.6%) were ascertained when compared to both AIU and MIU groups. Rates for conduct problems were shown to significantly differ between Internet user groups. In a comparison analysis of AIU, MIU and PIU groups, prevalence rates for conduct problems were 17.5, 31.9 and 41.0 percent, respectively. This escalating trend continued for emotional symptoms (10.8, 23.7, 32%), peer relationships (12.6, 21.6, 31.2%), low pro-social behaviours (14.1, 18.1, 25.1 %) and hyperactivity/inattention (15.1, 28.2, 37.2 %).  Prevalence rates of suicidal behaviours were determined to be significantly higher in pathological users compared to adaptive users. Results showed that suicidal ideation rates among Internet user groups (AIU, MIU, PIU) were 12.7, 31.9, 42.3 percent, respectively. This spiralling pattern was analogous for suicide attempts (0.3, 1.1, 3.1%) and self-injurious behaviours (4.4, 12.2, 22.2%), respectively. In a comparison of proportions between AIU and PIU groups, findings demonstrated a significant and substantial variation between these two groups. Among adolescents in the PIU group, prevalence rates were estimated to be three-fold higher for suicidal ideation and nearly ten-fold higher for suicide attempts when compared to the AIU group.  Multilevel mixed-effects linear regression models were utilized to assess the association between psychopathology, suicidality and PIU. In regards to psychopathology, results indicated a significant correlation between PIU and symptoms of depression, anxiety, conduct problems and hyperactivity/inattention. Adolescents exhibiting psychopathological symptoms of depression and anxiety had the strongest correlation with PIU. In the assessment of suicidality, both suicidal ideation and suicide attempts indicated to be strongly associated with PIU. The stepwise regression analysis 
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corroborated this assertion as outcomes showed that the strongest independent predictors of PIU were suicidal ideation (β=0.324, p<0.001) and suicide attempts (β=0.552, p=0.002).  The interaction effect of gender and country regarding the association between PIU, psychopathology and suicidality was also examined. In terms of gender, the correlation between hyperactivity/inattention, conduct problems and PIU was significantly stronger among females, whereas the link between anxiety, peer relationship problems, depression and PIU was significantly stronger among males. In the assessment of cross-national interactions, outcomes showed that country distinctly influenced the liaison between psychopathology, suicidality and PIU. The strongest correlations between psychopathology, suicidality and PIU were detected in Ireland and Estonia, whereas the weakest were observed in Hungary, Italy and France.  
5.1.8 Preventive effect of mental health action in schools In a longitudinal analysis using multilevel mixed-effects logistic regression models, the preventive effect of mental health action in schools (MHAS) on reducing the onset risk of PIU and related psychosocial impairments were studied. MHAS was based on adolescents reporting to have received mental health education at their school (education-based action) and was approached by a teacher to discuss psychosocial issues (gatekeeper-based action) prior to baseline assessment. Results showed that the combination of education-based and gatekeeper-based actions (i.e. MHAS) was the most effective strategy in reducing the onset risk of PIU.  Adolescents exposed to MHAS had a 50 percent lower onset risk of PIU (OR=0.50, CI: 0.32-0.80) compared to the unexposed group. When analysing psychosocial impairments, results showed that adolescents in the MHAS group also exhibited a significantly lower incidence of emotional distress (OR=0.70, CI: 0.53-0.92), depression (OR=0.69, CI: 0.50-0.93) and coping problems (OR=0.66, CI: 0.45-0.98).  Separate analyses using generalized linear models (GLM) were performed to test the individual effect of education-based and gatekeeper-based actions on PIU. In the former, results showed that students who received education-based action at school had a significantly lower onset risk of PIU (β=-0.115, 
p<0.032). In the latter, outcomes revealed that gatekeeper-based action was also significant in reducing the onset risk of PIU, however, this was dependent on the type of discussion shared between students and teachers during these encounters. Student and teacher discussions about excessive Internet use indicated the strongest effect in reducing the incidence of PIU (β=-0.469, p=0.003), followed by those who discussed sleeping difficulties (β=-0.438, p=0.027) and those who discussed emotional issues (β=-0.290, p=0.033).   
6 DISCUSSION 
6.1 INTERPRETATION OF RESULTS The purpose of the respective thesis was to attain a better understanding of the magnitude and risks associated with PIU in European adolescents and to ascertain effective preventive strategies that are based on scientific merit. In order to achieve this aim, five studies assessing these particular determinants were designed using comprehensive evidence-based methodologies. Interpretation of the results is denoted accordingly.  
6.1.1 Prevalence of PIU in European adolescents In the analysis assessing prevalence rates, outcomes showed that 13.5 and 4.4 percent of students were identified as having either MIU or PIU, respectively. Albeit females exhibited a 1.9 percent higher prevalence rate for MIU, males displayed a 1.4 percent higher prevalence rate of PIU. This is consistent with previous research130,178,179 and applicable to other addictive disorders. Evidence shows that males tend to have higher rates of substance use disorders than their female counterparts180. This suggests that the severity of addictive disorders appears to be gender-specific, which could partly explain why females had higher rates of MIU, while males had higher rates of PIU (Study I). The complex etiological pathways of PIU, however, necessitate further study with focus on gender-based research.   
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In addition to gender aspects, environmental factors have also been implicated as significant determinants influencing PIU prevalence. In cross-national comparisons, results showed that prevalence rates of PIU significantly differed by country. Italy had the lowest prevalence of both MIU and PIU, whereas Israel indicated the largest rate in these respective Internet user groups (Study I). The significant difference between prevalence rates of PIU across countries could be influenced by cultural attitudes and viewpoints. Individuals tend to be a product of their environment, wherein they develop behaviours that are congruent and correspond to the general viewpoints observed in their respective society. Adolescents residing in Asia and Pacific countries, for example, often report higher prevalence rates of PIU compared to their counterparts in Western countries. These findings allude to the fact that, like many other conditions, PIU is shaped by sociocultural factors. Thus, qualitative analyses exploring the effect of sociocultural influences on PIU in adolescent populations are critically needed. 
 
6.1.2 Addictive potential of online activities The most significant online activities in the respective adolescent sample included watching videos, visiting chatrooms and social networking. Results denoted that online activities appeared to be gender-specific. Internet gaming was significantly associated with males, while social networking was significantly correlated with females. Evidence demonstrates that there are certain online activities that overtly induce users to stay online longer than anticipated. Results from a study on massively multiplayer online role-playing games (MMORPG) designated that users are enticed to stay online longer in order to monitor the developing storyline of their online character181. Similar to MMORPG, excessive use of social networking sites have also emerged in recent years signifying an increase in mean hours spent online and negative connexions with real-life social interactions37,182.  The Internet operates on a variable ratio reinforcement schedule (VRRS)24, suggesting that the combination of the reward system and stimulation from online content appears to be the most significant components in contributing to the addictive nature of online activities. Similar to other addictions, the stimuli from specific online content activates neurotransmitters in the brain, particularly dopamine, which play a major role in reward-motivated behaviours. Abnormalities and dysfunction of dopamine regulation in the prefrontal cortex may underlie the enhanced reinforcement and uncontrolled behaviours in addicted subjects26,27. The release of dopamine in the nucleus accumbens have been noted in users utilizing specific online applications28,29. This mechanism, in turn, potentiates the positive effects of the respective online activity, thereby reinforcing the behaviour and addictive cycle30.  On the basis of this theoretical approach, Tsitsika and colleagues31 argued that certain online activities are more addictive than others. The addictive potential can range from low-risk activities as emailing, watching videos and reading newspapers to high-risk activities as Internet gaming, pornography and social networking. Online activities that encourage users to engage in role-playing, interactive gaming and social exchanges seem to be the most influential in inducing users to stay online longer than anticipated21.   
6.1.3 Mean hours online by gender and Internet user group Mean hours spent online per day significantly increased from adaptive use to maladaptive use to pathological use (Study I). Males tended to spend more hours online than females, which is supported in the literature.  Evidence shows that prolonged use of online applications has the proclivity for inducing a displacement effect. This occurs when adolescents begin to displace conventional social and communicative interactions for the virtual world183,184. Evidence illustrates that increasing amounts of time spent online displaces important psychosocial factors as physicality185, proper nutrition186, face-to-face interactions44, academic achievements187, engaging in extra-curricular activities47 and proper sleeping habits188. Adolescents excessively using the Internet are at a high risk for developing negative consequences that disintegrates their quality of life and enhances their risk for social and psychological impairments189. 
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6.1.3 Mean hours online by gender and Internet user group Mean hours spent online per day significantly increased from adaptive use to maladaptive use to pathological use (Study I). Males tended to spend more hours online than females, which is supported in the literature.  Evidence shows that prolonged use of online applications has the proclivity for inducing a displacement effect. This occurs when adolescents begin to displace conventional social and communicative interactions for the virtual world183,184. Evidence illustrates that increasing amounts of time spent online displaces important psychosocial factors as physicality185, proper nutrition186, face-to-face interactions44, academic achievements187, engaging in extra-curricular activities47 and proper sleeping habits188. Adolescents excessively using the Internet are at a high risk for developing negative consequences that disintegrates their quality of life and enhances their risk for social and psychological impairments189. 
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6.1.4 PIU and social factors Findings showed that living in metropolitan areas was significantly associated with both MIU and PIU. The most robust findings from our study, however, concerned household compositions. Adolescents living without a biological parent, low parental involvement and parental unemployment were the most influential factors in determining MIU and PIU (Study I). Evidence supports this notion, as studies have shown that health risk- behaviours are known correlates of subsiding familial relationships with regard to school activities, social life, outside activities, supervision and monitoring of the adolescent. 
6.1.5 PIU and health risk-behaviours Prevalence rates of health risk behaviours were considerably high among this European adolescent sample. A significant increase in prevalence rates were observed in pathological users compared to adaptive users. Significant higher trends were noted among pathological users reporting substance use (↑62.0%), sensation-seeking behaviours (↑88.0%) and unhealthy lifestyle characteristics (↑45.0%). Albeit the significant gender differences observed for individual risk-behaviours, multiple risk-behaviours did not significantly vary between genders (Study IV). This trend is in contrast to previous research denoting males with significantly higher rates of both multiple risk-behaviours and PIU. In European adolescents, these results strongly indicate that the gender gap for health risk-behaviours and PIU seems to be narrowing.  In the analysis of health risk-behaviours, the highest prevalence among adolescents in both MIU and PIU groups included poor sleeping habits and tobacco use (Study IV). Compared to prevalence rates in regions outside the EU, statistics in the Asia and Pacific regions have shown to be considerably lower than those reported in the EU5. Apart from the fact that this occurrence is multifaceted, one such probable explanation could be the substantial differences in Internet penetration rates observed at the ecological level. Statistics reported in the Asia and Pacific regions have reported a penetration rate of 36 percent. In the EU, however, penetrate rates were reported to be 78 percent, which is two-fold higher than those observed in Asia and Pacific regions, and ranked as the highest in comparison to all other global regions5. The relationship between Internet penetration rates and PIU is still very much obscure, it would be of interest to explore this possible correlation.  In accordance to previous research190, results showed a strong and significant association between sensation-seeking behaviours and PIU. Sensation-seeking is a personality trait related to deficits in deferred gratification and self-regulation191. These qualities in youth are often linked to a perceptual inclination of an ‘optimistic bias effect’ in which students are more likely to diminish their own risks, while overrating risks of their peers192. These deflecting attributes are likely to increase the propensity for adolescents to assimilate PIU and other risk-behaviours. In addition to sensation seeking, there were significant associations observed between substance use and PIU among the adolescent sample (Study IV). Substance use is frequently characterized as a risk-behaviour; however, it is also an antecedent of substance abuse. This supports the theory that high-risk behaviours may share analogous underlying mechanisms, wherein the presence of one risk-behaviour may lower the threshold for developing other risk-behaviours.   In the analysis of multiple risk-behaviours, results revealed a significant correlation between multiple risk-behaviours and the YDQ score (Study IV). Albeit males conventionally have a higher prevalence of PIU193 and health risk-behaviours194, the gender interaction between the YDQ score and health risk-behaviours did not significantly differ. The diminishing gender gap observed between the YDQ score and multiple risk-behaviours are indicative of sociocultural influences. There are essential components within the core of a culture that shapes our morals, decisions, logic and beliefs. These constituents are often internalized and ascertain the subjective reality of individuals195. Channelled by socialized dispositions of a specific culture196, social and behavioural interactions among individuals is relatively 
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guided by these elements. Based on the widespread cultural dispersion in Europe, the propensity of emergent pathological Internet behaviours is probable to vary between countries. These outcomes are in line with Jessor’s theory on problem behaviour197.  This psychosocial model aims to explicate behavioural outcomes in adolescents. Based on these psychosocial elements, Jessor developed three conjectural systems comprising behavioural, environmental and personality systems. In the former, Jessor suggests that risk-behavioural constructs tend to cluster, thereby forming a general ‘risk-behavioural syndrome’198. Based on this model, Jessor explains that these risk-behaviours often derive from adolescents establishing their autonomy and sovereignty from societal and parental influences.  
6.1.6 PIU and psychopathology Prevalence rates of psychopathology were considerably high in the respective adolescent sample. The analysis assessing the proportional change between the prevalence of adaptive use and pathological use showed that rates increased significantly. Among students in the PIU group, significant higher rates were denoted for the prevalence of depression (↑560.0%), anxiety (↑459.0%), conduct problems (↑141.0%), emotional symptoms (↑190.0%), peer relationship problems (↑138.0%), low pro-social behaviours (↑78.0%) and hyperactivity/inattention (↑146.0%) when compared to the AIU group. Similar trends were also observed in students reporting suicidal ideation (↑223.0%), self-injurious behaviours (SIB) (↑450.0%) and suicide attempts (↑200.0%) (Study III). Although the prevalence of MIU was significantly higher than those in the AIU group, rates were significantly less than adolescents in the PIU group. This suggests that subthreshold or at-risk individuals could represent a potential target group for early prevention and intervention. Addictive disorders are known to be progressive, thus, detecting and treating individuals at distal stages can potentially prevent the advancement of the respective addiction. This theory coincides with the Grounded Theory (GT) formula55. The GT formula stipulates that by identifying at-risk groups (e.g. maladaptive users) and treating them will ultimately provide the opportunity to intervene before the risk progresses into an actual addiction (e.g. pathological users). This model is often referred to as ‘staging models’ in psychiatry199 and could serve as a construct for future prevention endeavours.  In the meta-analysis on PIU and psychopathology, 100 percent of the studies meeting the inclusion criteria reported significant associations between PIU and symptoms of ADHD, followed by depression (75%), obsessive-compulsive symptoms (60%) and anxiety (57%). These results are supported by the cross-sectional study assessing the association between PIU and psychopathologies (Study II). In the stepwise regression model, results indicated a significant association between PIU and symptoms of depression, anxiety, conduct problems and hyperactivity/inattention. Pathological users often share common physiognomies as interpersonal sensitivity, low self-worth, insecurity and social isolation200,201, wherein manifestations of psychopathological symptoms of anxiety and depression202 begin to disclose. Evidence shows that depression precipitates obsessive thoughts of Internet use52, while dysphoric moods inhibit cognitions that mediate effective self-regulation203. In view of operant conditioning, this process induces a vicious cycle in which fosters and exacerbates the online addictive behaviour through continuous reinforcement triggered by the stimuli of online activities204.  The robust association observed between PIU and symptoms of ADHD is multifaceted. ADHD individuals often lack self-control, which can, in turn, sustain an addiction to the Internet. Evidence also indicates that persons with ADHD suffer from learning disabilities, dyslexia, social and emotional impairments, extreme aggression and externalizing symptoms205. There is also a high level of stigmatization associated with ADHD. These could have an interaction effect in the association between PIU and ADHD symptoms. 
6.1.7 PIU and suicidality In the assessment of suicidality, both suicidal ideation and suicide attempts revealed to be the strongest predictors of PIU. The interaction between PIU and suicidality was strongest in Ireland and Estonia and weakest in Italy, Hungary and France (Study III). This liaison corresponds with the national suicide 
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rates and PIU prevalence in these particular countries193. Statistics revealed that suicide rates were higher among those aged 15-19 years in Estonia and Ireland compared to adolescents in France, Italy and Hungary206. These outcomes conclude that country could be a moderating factor in the association between PIU and suicidality. The moderating role of country could be due to the variability of sociocultural influences. Sociocultural factors as cultural identity, family structure and gender roles are known to affect adolescent behaviours153,207 and psychological well-being208. PIU and related suicidal behaviours detected in adolescents could be a manifestation of the internalized beliefs and values conveyed in their respective country. Research explicitly assessing the moderating role of intercultural influences in the development of PIU and suicidality is still lacking and necessitates further investigations  
6.1.8 Preventive strategies for PIU, psychopathology and suicidality Results showed that individual preventive strategies were effective in reducing the incidence of PIU. Education-based action is a notable mental health promoting strategy for increasing self- awareness, coping skills, autonomy and resiliency. In the respective study, education-based actions proved to be an effective strategy in reducing the onset risk of PIU. Studies show that universal mental health interventions that focus on building cognitive abilities, self-regulation, decision-making skills, social and emotional competence are effective approaches in improving the quality of life among these adolescents. These strategic facets of education-based action are particularly important to counteract the allure of the Internet and online activities. Adolescents with low self-esteem and self-worth can find empowerment through the interactive encounters experienced online, e.g. via social networking, chatting or gaming activities. This can eventually lead to excessive or pathological Internet use and related psychosocial impairments. Gatekeeper-based action is a derived suicide preventive strategy aimed at reducing the risk of suicidal behaviours among various risk-groups. This type of preventive intervention strategy has gained recognition by the United Nations, and it is well-documented in the scientific literature. This style of training educates specific key persons (e.g. school teachers) on how to firstly identify individuals at high risk for suicidal behaviours (e.g. substance abuse in adolescents) and then refer them to the local healthcare facilities for subsequent treatment. Gatekeeper training, however, is not limited to only suicide prevention; rather, it can be implemented to address mental health issues or even health risk-behaviours.  In this study, gatekeeper-based action was significantly effective in reducing the onset risk of PIU, albeit the strategy was dependent on the topic of discussion between teachers and students. The topic of excessive Internet use shared between teachers and students, for example, was most effective in reducing the onset risk of PIU, followed by topics related to mental health issues. These results are crucial, as it shows that gatekeeper-based actions can be tailored made, similar to education- based actions, to target a specific risk-group and develop an effective preventive strategy based on this premise. It was the combination of education-based and gatekeeper-based actions in schools, however, that proved to be most effective in reducing the onset risk of PIU and psychosocial impairments. Consequently, the strongest effect of mental health action in schools (MHAS) was observed among adolescents with PIU. Outcomes showed that MHAS significantly reduced the onset risk of PIU by half over a 9-month period. In addition, a reduced risk of thirty percent or more was observed for adolescents reporting emotional distress, depression and coping problems over the same time-period. The convergence of evidence-based and gatekeeper-based actions that are implemented within the school milieu are important factors that can be expanded upon for future preventive endeavours in this area of mental health research. In addition to the efficacy of mental health promoting and prevention strategies, it is important to underscore the significance of the environment when conducting interventions. The environments to which preventive interventions are performed are imperative and considered to be an influential factor in determining the overall success of the respective intervention. Schools are one of the most important settings for promoting mental health among adolescents, as it can pungently influence the 
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associated risk- and protective-factors of PIU and psychosocial impairments. The school milieu offers a social context that has a substantial effect on reaching adolescents with mental health problems. It imparts a sense of connectedness and social awareness   affecting   emotional   and  social  competence.  This   environment   also   promotes academic importance and the role of education in addressing social and health inequities. Future endeavours in the prevention of PIU and related psychosocial impairments can build upon these effective preventive strategies when developing subsequent interventions aimed at the prevention of PIU and psychosocial impairments among adolescents within the school milieu. 
6.1 CHALLENGES FOR FUTURE RESEARCH AND THEORETICAL FRAMEWORKS The definitions, measurements and diagnostic criteria of PIU are still considerably ambiguous. Despite the latest advancements in PIU research, efforts to understand this phenomenon are impeded by the lack of international consensus on the diagnostic criteria of the condition. It is neither listed in the Diagnostic and Statistical Manual of Mental Disorders (DSM) nor the International Classiﬁcation of Diseases (ICD) nosological systems. The major challenge facing PIU research is its conception as an addictive disorder.  The large number of conceptual and operational definitions of PIU creates significant challenges and, in some cases, produces barriers for advancing research on this topic. On a very basic level, scholars might question whether these definitions and instruments address the same underlying construct. A cohesive and systematic body of research cannot develop without clear and well-understood conceptual definitions of PIU and effective measures for studying this phenomenon. Inconsistent conceptual definitions and poorly designed measures undermine the cumulative function of research on this important topic. This is most evident with the recent inclusion of IGD in Section III of the DSM-5.  Albeit the addition of IGD in Section III of the DSM nosological system is monumental, there still remains the issue of providing precision and clarity to its definition and diagnostic criteria. It should be underscored that there are major limitations and restrictions to only including IGD in the DSM-5. By limiting the criteria to only addressing Internet gaming, this excludes a substantially large portion of the population who exhibit addictive traits toward other online activities. Interactive activities as social networking, online gambling, pornography, blogging, partaking in chatrooms and instant messaging have also shown to increase the propensity of online addictive behaviours. If IGD were to become an official disorder in the DSM nosological system, this would exclude a significant amount of individuals who are addicted to online activities other than Internet gaming. The inclusion of IGD in Section III of the DSM-5 may trigger the misperception that IGD is the same as PIU and can be considered interchangeable. This is certainly not the case. According to King and Delfabbro209 and Starcevic210, PIU and IGD should be considered as two separate conditions.   The future direction of PIU research must begin by establishing universal nomenclature, definitions, taxonomy and diagnostic criteria of PIU. The new structure in the DSM-5 for substance use disorders can be utilized as a model for categorizing behavioural addictions. Substance use disorder is an umbrella category and includes subcategories addressing specific substances, e.g. alcohol use disorder, cocaine use disorder and methamphetamine use disorder. Similar constructs could be employed to PIU, wherein online activities (e.g. Internet gaming, social networking and pornography) would be the distinct subtypes. This would significantly reduce the confusion and misperceptions surrounding PIU and IGD. In order for research to evolve, standardized and sensitive criteria need to be ascertained, whereby clinical diagnoses are developed accurately and distinctively. Based on the large body of research emerging on the topic of PIU, it is strongly recommended to establish these fundamental criteria. This would increase the quality and validity of new findings to which can be utilized to form effective prevention efforts.  
6.2 STRENGTH AND WEAKNESS There are several factors contributing to the strength and novelty of this thesis. One of the most important features is the large, representative, cross-national sample of European adolescents used in 
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this research. Standardisation and homogeneity of the procedures utilized to collect high-quality data on European adolescents is considered to be a foremost strength of the thesis. Given the representativeness of the study sites, a higher degree of generalizability of the outcomes can be applicable. To our knowledge, this is one of the first research initiatives to assess the effectiveness of specific preventive strategies for PIU and related psychosocial impairments in a representative sample of European adolescents. The longitudinal design in the final study proved to be a key strength of the thesis. It allowed for an evaluation if a potential preventive effect of MHAS on reducing the onset risk of PIU and related psychosocial impairments.  The effective prevention strategies identified in this thesis are based on scientific merit and can be built upon in future prevention endeavours of PIU.  There are, however, some limitations of the studies included in the respective thesis. Albeit the cross-sectional studies produced new knowledge on the significant correlates of PIU, it still lacked the prospective study, thus, causality could not be determined. Despite the longitudinal design in the final study, there were some discrepancies of the specific prevention strategies. In terms of education-based action in schools, there is no information on the actual format, content or conceptualization of the intervention itself. This potentially limits the interpretation and replication of these findings. Regarding gatekeeper-based action in schools, there are data on a variety of topics discussed between teachers and students; however, there is no information on the type of training teachers received in order to serve as gatekeepers among their students. Notwithstanding, the respective thesis has produced new knowledge that is novel and applicable for future research on PIU. 
7 CONCLUSION Adolescence is a transitional period characterized by substantial changes in physical, social and psychological attributes. Relationships with peers, family and society undergo distinct changes during this transient period, as adolescents begin to assert autonomy over their emotions, decisions and behaviours. Social skills in adolescents often develop in the course of psychosocial interactions within various learning frameworks. Given the widespread platform for developing interpersonal skills and social cognitions, the Internet has proven to be a new and unique channel for psychosocial development among adolescents. As the Internet provides a wide-range of benefices for its dedicated users, it is also important to recognize the emergence of negative consequences for those using the Internet to an excessive degree.  This thesis sought to improve our understanding of PIU through studying the complex and multifactorial determinants associated with the condition. The results from these studies have demonstrated a relatively elevated PIU prevalence in European adolescents to which had a robust association with household composition and parental involvement (Study I). In the systematic review and meta-analysis (Study II), a significant association between PIU and psychopathology (i.e. ADHD, depression and anxiety) were observed. These results were then corroborated by the cross-sectional study assessing the relationship between PIU, psychopathology and suicidality (Study III). Suicidal ideation and suicide attempts had the strongest correlation with PIU, followed by depression, anxiety, conduct problems and hyperactive/inattention symptoms. A significant liaison between PIU and health risk-behaviours was also observed, namely, sleep disturbances, sensation-seeking behaviours and poor lifestyle choices (Study IV).   In the final phase of the thesis, it was critical to identify effective prevention strategies for PIU that can be built upon and are based on scientific merit. Education-based and gatekeeper-based actions are two preventive strategies that significantly reduced the onset risk of PIU. It was the combination of these two prevention approaches, however, that proved to be most effective in reducing the onset risk of PIU, emotional distress, depression and coping problems (Study V). Given the momentous proclivity of evidence-based research, it is clear that PIU is a condition that merits international recognition as a potential disorder. Implementing evidence-based mental health interventions appears to be very effective in the overall risk-reduction of PIU. Of course, the level of efficacy, in terms of prevention efforts, is dependent on the structure of the respective intervention. It is, therefore, critical that an international accord is reached in order to develop a standardized approach to ascertain the 
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this research. Standardisation and homogeneity of the procedures utilized to collect high-quality data on European adolescents is considered to be a foremost strength of the thesis. Given the representativeness of the study sites, a higher degree of generalizability of the outcomes can be applicable. To our knowledge, this is one of the first research initiatives to assess the effectiveness of specific preventive strategies for PIU and related psychosocial impairments in a representative sample of European adolescents. The longitudinal design in the final study proved to be a key strength of the thesis. It allowed for an evaluation if a potential preventive effect of MHAS on reducing the onset risk of PIU and related psychosocial impairments.  The effective prevention strategies identified in this thesis are based on scientific merit and can be built upon in future prevention endeavours of PIU.  There are, however, some limitations of the studies included in the respective thesis. Albeit the cross-sectional studies produced new knowledge on the significant correlates of PIU, it still lacked the prospective study, thus, causality could not be determined. Despite the longitudinal design in the final study, there were some discrepancies of the specific prevention strategies. In terms of education-based action in schools, there is no information on the actual format, content or conceptualization of the intervention itself. This potentially limits the interpretation and replication of these findings. Regarding gatekeeper-based action in schools, there are data on a variety of topics discussed between teachers and students; however, there is no information on the type of training teachers received in order to serve as gatekeepers among their students. Notwithstanding, the respective thesis has produced new knowledge that is novel and applicable for future research on PIU. 
7 CONCLUSION Adolescence is a transitional period characterized by substantial changes in physical, social and psychological attributes. Relationships with peers, family and society undergo distinct changes during this transient period, as adolescents begin to assert autonomy over their emotions, decisions and behaviours. Social skills in adolescents often develop in the course of psychosocial interactions within various learning frameworks. Given the widespread platform for developing interpersonal skills and social cognitions, the Internet has proven to be a new and unique channel for psychosocial development among adolescents. As the Internet provides a wide-range of benefices for its dedicated users, it is also important to recognize the emergence of negative consequences for those using the Internet to an excessive degree.  This thesis sought to improve our understanding of PIU through studying the complex and multifactorial determinants associated with the condition. The results from these studies have demonstrated a relatively elevated PIU prevalence in European adolescents to which had a robust association with household composition and parental involvement (Study I). In the systematic review and meta-analysis (Study II), a significant association between PIU and psychopathology (i.e. ADHD, depression and anxiety) were observed. These results were then corroborated by the cross-sectional study assessing the relationship between PIU, psychopathology and suicidality (Study III). Suicidal ideation and suicide attempts had the strongest correlation with PIU, followed by depression, anxiety, conduct problems and hyperactive/inattention symptoms. A significant liaison between PIU and health risk-behaviours was also observed, namely, sleep disturbances, sensation-seeking behaviours and poor lifestyle choices (Study IV).   In the final phase of the thesis, it was critical to identify effective prevention strategies for PIU that can be built upon and are based on scientific merit. Education-based and gatekeeper-based actions are two preventive strategies that significantly reduced the onset risk of PIU. It was the combination of these two prevention approaches, however, that proved to be most effective in reducing the onset risk of PIU, emotional distress, depression and coping problems (Study V). Given the momentous proclivity of evidence-based research, it is clear that PIU is a condition that merits international recognition as a potential disorder. Implementing evidence-based mental health interventions appears to be very effective in the overall risk-reduction of PIU. Of course, the level of efficacy, in terms of prevention efforts, is dependent on the structure of the respective intervention. It is, therefore, critical that an international accord is reached in order to develop a standardized approach to ascertain the 
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nomenclature, taxonomy and diagnostic criteria of PIU. The future direction of PIU research must focus on this fundamental issue in order to legitimize and advance our knowledge and understanding of this condition.  
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